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Goals  of  the  Dafansa  Bnvironnental  Program 
Patar  8.  Dalay 
Presented  at  tha 

Asm r lean  Dafansa  Praparadnaaa  Association 
13th  BnvironaMntal  Systaaw  Symposium 
March  2<l,  1984 

Good  Morning  ladiss  and  gentlemen.  X  as  hara  this  Morning  to 
tall  you  about  tha  Dafansa  environmental  prog ran  and  what  our 
goals  ara.  in  praparing  to  talk  to  you,  x  askad  Mysalf  why  all 
you  environmental  sciantists  and  anginaars  cane  hara  today.  Tha 
first  raason  was  undoubtadly  to  rids  tha  Matro  now  that  it's 
alaost  raachad  Bathasda.  X  eaaa  hara  five  yaars  ago  for  tha  saaM 
raason,  and  I  an  still  waiting.  Mayba  by  organising,  our  draan 
will  ba  fulfillad.  I  hops  you  cans  hara  to  find  out  what  is 
going  on  in  tha  DoD  anvironMantal  prog ran  so  you  could  bstar 
respond  to  our  naads.  Xt  is  a  laudable  purpose,  and  wn  fully 
support  it.  Xt's  certainly  one  raason  X  an  bare.  Another  raason 
wa  ara  both  hara  is  to  learn  aoanthing.  Me  usually  oall  that 
tech  transfer.  Heaven  knows  wa  all  need  it.  Me  have  plenty  of 
unsolved  problens.  Me  don't  even  know  how  to  define  whan  a 
problem's  bean  cleared  up,  and  wa  do  lots  of  reinventing  tha 
wheal.  Me  ara  now  anbarked  on  an  "innovative"  project  to  do 
turn-key  contractng  of  waste  treatnent  plants.  X  use 
"innovative"  here  in  tha  vary  loose  sense  of  tha  word. 

G9i.ll 

bat  ms  now  respond  to  the  first  reason  you  ohm  —  to  hear  about 
our  goals.  In  doing  so,  X  will  tall  you  how  we  expect  to  get 
there,  how  far  wa  have  gotten,  and  what's  ocaing.  Xt  is  the  goal 
of  the  remainder  of  tha  conference  to  cover  the  tech  transfer. 

8o  what  is  going  on?  A  loti  Xn  ease  you  haven't  noticed,  we 
have  all  been  vary  busy  trying  to  solve  problems.  Me  have 
defined  our  goals  in  two  single  phrases  because  X  am  a  firm 
believer  that  more  than  two  goals  is  "no  goals."  Me  must 
Maintain  our  focus,  our  two  goals  are  (1)  anvironMantal 
regulatory  compliance  and  (2)  waste  stream  reduction.  By 
compliance  me  mean  complying  with  all  state,  local  and  federal 
laws  and  regulations.  Me  also  msaa  achievement  of  tha  national 
goal  to  expeditiously  dean  up  hasardous  waste  sites,  xn  our 
hasardous  waste  cleanup  program,  we  put  a  firm  deadline  on 
completing  our  program  by  Iff).  This  seems  like  a  long  way  out, 
but  X  know  few  other  orgaalsatiefcs  that  have  sat  any  swell  goals 
for  themselves.  Xn  1980,  we  established  a  geal  to  complete 
assessment  of  all  dafansa  Installation  cleanup  problems  by  198ft. 
Me  are  now  nearly  88%  of  Mia  way  to  achieving  that  seal  and, 
because  wa  have  contracts  in  place  to  do  Mm  rest  of  the  mock,  wa 
are  virtually  assured  of  reaching  it. 
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Coaolianca 

Why  should  «r«  b«  so  intsrsstsd  ia  coaplianca?  Ths  dir set  answer 
is  that  it  is  ths  lav.  But  psrbsps  that  acre  iaportant  soswsr  is 
that  it  is  in  our  bast  iatsrast  to  do  so.  Productivity  dspsads 
on  Motivation.  Workers  ara  not  likaly  to  ba  aotivatad  if  thair 
friands  at  the  FT*  think  they  work  in  a  place  that's  Messing  up 
their  town,  another  reason  it's  in  our  bast  interest  to  coaply 
with  the  law  is  because  com? 1 lance  is  one  way  to  help  avoid 
future  liability  frow  envl ronaan tel  probleas.  We  all  know  the 
potential  liability  froa  environaental  transgressions  is  enoraous . 
Even  a  "aaall*  incident  can  lead  to  aulti -Million  dollar  cleanup 
and  tort  probleas.  This  conclusion  led  Many  private  eoupanies  to 
adoption  of  self -audit  prograaa.  We  are  also  beginning  to  do 
audits  on  a  large  scale.  A  third  reason  that  coapllance  is 
iaportant  is  that  it  la  essential  to  Maintaining  the  credibility 
of  the  organisations.  This  is  true  in  the  public  and  private 
sector  elike.  1  aa  convinced  that  an  agency's  environaental 
protection  reputation  significantly  affects  its  ability  to 
attract  funds  froa  legislators.  My  last  reason  why  wo  should 
coaply  is  aore  esoteric.  Bnvironaantal  protection  is  inseparable 
froa  the  basic  aission  of  the  Defense  Departaent.  Protecting  the 
nation  includes  protecting  the  quality  of  the  places  where  mb 
live  and  work. 

.  Strays  .qgdggtlga* 

Why  are  we  focusing  on  waste  atreaa  reduction?  This  is  alaost 
entirely  a  goal  of  self-interest  and  good  fiscal  aanageasnt. 

Waste  causes  probleas  with  ooapl lance,  reporting,  disposal 
storage,  public  relations,  law  suits  and  unknown  future 
liabilities.  The  latter  is  by  far  the  biggest  risk  and,  as  ws 
know  froa  the  asbestos  exaaple,  can  run  to  the  billions  of 
dollars.  These  costs  greatly  outweigh  the  relatively  anall  cost 
savings  froa  inattention  to  waste  streaa  aanageasnt,  the  first 
step  of  which  Is  waste  streaa  reduction. 

ASteilZi. 

Bow  do  we  achieve  our  goals?  Achieving  our  goals  depends  on  a 
coaaitaent  by  everyone  involved.  And  by  everyone  I  include 
defease  personnel,  ear  contractors,  and  our  regulators.  Through 
this  ooani taunt,  we  can  work  together  to  identify  innovative, 
low-coat  problea  solutions.  This  total  coaaitaent  greatly 
reduces  the  auabor  of  disputes  which  arise  end  which  ere  often 
only  unousos  for  sot  snaps ting  e  prog ran.  Disputes  involving 
aiaor  issues  of  responsibility  and  funding  perpetuate 
non  Bsaplieeoe.  We  need  to  do  bettor  ia  this  area.  The  key  is 
establishing  a  scan i reset  at  the  local  level  to  solve  probleas. 
Data  show  that  we  sen  salve  s  high  percentage  of  our  probleas 
through  local  efforts. 

Oaf  ease  personnel,  cost rectors,  end  regale tort  each  have 
acanthi eg  special  to  offer  ns  we  work  toward  our  goals.  Per 
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Dcf«ns«  personnel  the  first  step  is  to  clearly  identify  the 
problems  we  face.  Secondly,  w*  oust  assure  that  we  are  doing  the 
best  ws  can  to  cooperate  with  regulators.  Doing  otherwise  always 
causes  problems.  Regulators  will  help  if  we  are  forthright.  W* 
have  good  examples  of  this,  particularly  in  SPA  Regions  XXX,  XV, 
and  VI.  Thirdly,  Defense  personnel  must  insist  on  excellence  in 
the  way  people  do  work  for  us.  Given  the  high  costs  of 
non-compl lance,  particularly  in  the  hasardous  waste  area, 
anything  less  is  unacceptable. 

I  have  one  particular  plea  to  Defense  personnel,  and  that  is  to 
provide  se  your  ideas  on  how  to  leprove  our  program.  Send  in 
those  cards  and  letters.  Me  really  want  them. 

in  the  Office  of  the  Secretary  of  Defense,  one  of  the  things  we 
have  done  to  help  achieve  our  goals  was  to  establish  the  Defense 
Environmental  Leadership  Project.  Under  this  project  we  have 
gathered  6  environmental  engineers  to  address  the  long-term 
problems  of  managing  the  Defense  environmental  program.  Me  are 
working  on  hasardous  waste  policy  development,  risk  assessment, 
industrial  processes  evaluation  for  waste  stream  reduction,  and 
other  long-range  tasks. 

H9V  SftQ  9q<*g#9tors  cgntrlbutg.  tp.j^lgyfmgnt  .p|  our  gpflgT 

Row  can  contractors  contribute  to  achlsvsmant  of  our  goals? 
first,  tell  it  like  it  is.  Tell  us  what  you  believe,  not  what 
you  think  we  want  to  hear.  Relp  us  by  putting  things  in 
perspective.  In  my  opinion,  lack  of  perspective  was  a  major 
shortfall  in  our  early  Installation  Restoration  program  reports. 
For  example,  to  say  radioactive  material  is  buried  at  a  site,  and 
not  put  in  even  the  most  gross  bounds  on  how  much  waste  is 
involved,  is  of  little  value  in  understanding  the  importance  of 
the  problem  and  can  cause  extremely  adverse  public  response. 
Thirdly,  contractors  must  do  their  nest  to  offer  innovative 
ideas.  When  you  think  you  have  good  ideas  and  no  one  will 
listen,  come  to  me.  I  will. 

esn  inmtastA  to  htlR,  MMtYt.m 

What  can  regulators  do  to  help  achieve  our  goals?  Before  looking 
st  this,  let  me  suggest  that  both  Defease  personnel  and 
regulators  must  remember  that  if  we  are  oat  of  compliance,  ms 
both  suffer.  The  public  perceives  non-compliance  as  s  fault  of 
the  regulatory  system.  Bo  it  is  la  our  oollative  interest  to 
maintain  a  constructive  relationship  that  mill  expedite 
compliance. 

Wow  some  points  for  regulators.  First,  X  implore  you  aot  to  keep 
secrets.  Xf  you  think  we  are  delay  a  bad  jbb,  tell  as.  Too 
often  we  find  out  what  you  are  thinking  through  the  press,  the 
General  Account lag  Office,  or  the  Congress.  Regulators  should 
note  that  Oaf  sees  installation  eeamsadsrs  have  tremendous 
1  Donative  to  nenply  with  the  low.  miliary  promotions  swing  on 
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hairs.  Zf  s  co— i under  wants  to  ba  promoted,  ha  won't  lat  a 
pollution  problem  parsiat.  Commanders  know  that  good  co— unity 
ralations  ara  aaaantial  to  aaprit  da  corps  on  his  installation. 
Bad  publicity  in  environmental  compliance  is  guarantaad  to  damage 
this  isportant  aapact  of  bass  oparationa. 

What  is  tha  bast  tool  a  ragulator  has  for  stimulating  coaplianca 
at  Dafansa  installations?  X  balisva  it  is  a  siapla  lattar 
to  tha  co— andar  idantifying  concern.  Such  letters  can  clearly 
indicate  tha  iaportance  of  tha  issue  to  you,  but  need  not  create 
adversarial  situation.  Zt  helps  not  to  lat  things  faster. 

Notify  tha  installation  co— andar  prow ptly  of  your  concerns.  Zf 
you  don't  gat  a  suitable  response  in  a  reasonable  ti— ,  use 
problem  resolution  procedures  involving  a  higher  level  of 
management  in  both  tha  regulatory  and  regulated  co— unities.  Be 
sura  to  keep  tha  co— unicatloa  channels  open.  Try  to  west  with 
Dafansa  personnel  when  you  don't  have  an  issue  to  discuss.  Tha 
rapport  established  under  these  conditions  will  espedite  problem 
resolution  later.  Lastly,  let  —  ask  you  not  to  skewer  us  on  our 
own  swords.  Zf  you  discover  a  problaa  through  auditing  that 
we've  done,  you  can  be  assured  that  we  will  work  to  achieve  a 
solution.  Zf  in  identifying  a  problaa  to  you,  we  find  ourselves 
the  victim  of  adverse  publicity  or  strong  regulatory  aeasurea, 
our  managers  are  unlikely  to  continue  looking  for  environmental 
problem  and  your  job  will  be  tougher. 

9iifli.Bg. 

For  all  of  ua  here,  one  of  the  biggest  problem  is  to  avoid 
"gilding  the  lily."  Zt  is  very  tempting  to  go  for  the  super 
solution  when  reeolving  an  environmental  problem.  This  is 
destructive  to  the  program  because  It  reduces  the  resources 
available  for  cleaning  up  other  sites,  is  an  attack  on  the 
credibility  of  our  work,  and  it  my  lead  directly  to  a  "golden 
fleece  award." 

Let  m  now  briefly  review  the  resources  we  have  to  addrese 
environmental  problem.  Zn  the  Defease  Department  we  are 
expending  nearly  a  billion  dollars  annually  on  the  progr— ,  end 
we  have  4,000  people  engaged  fall  ti—  in  the  work.  Our  policy 
is  to  fund  compliance  projects  immediately.  Me  fund  cleanup 
projects  as  soon  an  we  know  what,  needs  to  be  done.  However,  we 
face  tha  seme  problem  as  everyone  else  in  determining  how  ole¬ 
in  ole—  and  identifying  the  best  way  to  attack  cleanup  problem. 


to  a— y  of  you  to—  by  a—,  we  have  a  a—  aooooat  to  fund 
hasardoue  waste  elaanam  problem  in  the  Defence  Department. 

Zn  IMS,  prior  to  establishing  this  fund,  we  iwiifil  0)0  million 
in  baser  dees  waste  do— up.  fader  the  fund  ialM4  we  will 
eapead  01M  million,  amd  we  anticipate  funding  at  a  level  of 
approuimataly  ISM  million  a  year  until  10M.  ha  we  begin  to 
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approach  tha  cleanup  goal  of  1993  program  raquir 
aubstantially  docraaaa. 


nts  should 


Lot  mo  give  you  a  little  report  card  off  how  Z  think  we  are  doing 
in  the  Defense  Department  in  achieving  our  goals  of  compliance 
and  waste  stream  reduction.  In  the  area  of  air  and  water,  Z  give 
us  a  fair.  The  had  news  is  we  still  have  a  lot  of  minor  sources 
out  of  compliance,  particularly  in  the  water  area.  The  good  news 
is  that  our  compliance  for  major  sources  is  high  and  that  we  have 
projects  underway  that  will  eliminate  all  known  non-compliance 
conditions  for  major  sources.  Zn  the  RCRA  area,  our  performance 
is  unclear.  We  are  now  conducting  a  survey  which  will  give  us  a 
much  better  picture  of  how  we  are  doing.  We  know  that  we  don't 
have  a  large  number  of  RCRA  violations  reported  by  regulators. 
However,  we  also  know  that  this  may  be  simply  be  because  no  one 
has  looked  carefully.  Zn  the  T8CA  area  we  have  not  done  well  but 
we  are  rapidly  correcting  the  situation.  About  15%  of  our 
installations  failed  to  meet  the  January  1,  1964  deadline  for 
eliminating  KB  storage  longer  than  one  year.  We  now  have  a  firm 
plan  that  will  achieve  compliance  with  this  requirement  by 
December  1,  1964. 

Zn  the  hasardous  waste  cleanup  area  Z  give  us  the  highest  marks. 
Our  cleanup  program  started  in  19?S,  substantially  before  anyone 
else's.  In  1980,  even  before  the  passage  of  the  Superfund 
cleanup  law,  we  greatly  accelerated  our  program.  Between  1980 
and  1964  the  program  continued  to  increase  steadily.  The 
decision  of  the  Congress  to  provide  funding  in  1984  at  a  much 
higher  level  than  we  had  provided  previously  planned  assured 
continuing  increase  in  our  effort.  At  the  end  of  1983  we  had 
completed  257  of  429  installation  assessments.  We  had  111  of  155 
site  studies  completed  or  underway  and  we  had  over  28  cleanup 
actions  in  progress.  We  have  completed  our  hasardous  waste 
program  actions  at  122  installations. 


Whet  does  the  future  hold  for  our 
coming  that  will  impact  how  we  do 


ram?  I  see  two  things 
ness.  First,  SPA'a 


coming  that  will  impact  how  we  do  business.  First,  SPA'S 
decision  to  include  federal  sites  on  the  Rational  Priority  List 
will  undoubtedly  affect  our  priorities.  Ultimately  we  expect  200 
installations  to  be  scored  for  possible  inclusion  on  the  List  and 
we  expect  30  to  40  to  ultimately'  be  listed.  Second,  our 
initiative  to  do  environmental  audits  will  also  affect  our 
program.  All  thrse  services  are  conducting  work  in  this  area. 
Although  we  do  not  have  any  DoO  policy  on  environmental  audits, 
we  are  thoroughly  examining  the  benefits  of  sstsblishlng  one. 


CooclttUca 

If*  have  don*  a  lot  to  achiava  our  goals  of  environmental 
ragulatory  compliance  and  waste  stream  raductlon.  We' va 
completed  hundrada  of  projacta  and  hava  nuamrous  agreements  with 
stata  and  fadaral  agancias  in  placa.  W*  hava  dona  ovar  300 
racord  saarchas  and  hava  ovar  100  comprehensive  contamination 
studios  conplata  or  undarway.  Our  cleanup  budgat  has  incraasad 
ovar  700%  in  tha  last  3  yaars  and  wa  hava  had  a  300%  incraas*  in 
tha  anvironaantal  staff  in  OSD.  Na  add ad  many  joint  BPA 
projacts,  and  wa  graatly  incraasad  tha  amount  of  information  wa 
hava  mad*  available  to  tha  public  on  our  program.  Dafansa 
personnel ,  our  contractors  and  tha  ragulatory  community  must  work 
together  to  achiava  our  goals  of  conplata  ragulatory  compliance 
reduction  :  »  the  amount  of  waste  w*  generate. 


Thank  you  and  good  morning 


!■,  Hazardous  Wastes: 

Perspective  on  the  Problem 


Joel  S.Hirschhorn 


TT: 


he  national  program  lor  hasatdoue  t 
aipcncB  prtnapoay  on  wo  naerai  pmti  ine 
Resource  Conwwfcn  end  Recovery  Act  (RCRA)  of 
1976.  which  lin  been  amandad  and  h  In  the  process  of 
being  changed  again  by  Congress.  la  concerned  with 
the  proper  management  of  newly  generated  haianttma 
wastes  and  operating  wadi  management  fecMee  The 
goal  of  Me  atatule  wae  to  have  an  effective  syetem  to 
back  hazardous  wastes  fiem  die  point  of  generation, 
through  any  transportation,  to  the  ultimate  boatmen*  or 


The  Comprehensive  Environmental.  Response.  Com¬ 
pensation.  and  UaMRy  Act  (CERCLA)  of  1900.  better 
known  as  Superfund,  deds  with  a  number  of  problems 
■elated  to  the  unconaoNad  release  of  haeasdoue  sub¬ 
stances  into  the  environment,  a  subset  of  which  is  un- 
connotiul  haeanloua  waste  ekes  which  may  Indude 
abandoned  dumps.  Inactive  sites,  or  adi  operating  fadti- 
ties.  Superfund  ceme  about,  for  the  moat  part  because 
ofiiririaapicad  recognition  of  the  many  unconPoacd  haz- 
asdous  waste  ahes  throughout  the  nation  and  the  need 
to  provide  a  mechanism  to  accelerate  their  control  and 
cleanup.  Congress  wtil  aaamine  and  consider  emending 
and  perhaps  changing  Superfund,  whose  major  fund¬ 
ing  mechanism  capites  In  1905. 

Moat  aspects  of  these  statutes  are  implemented  by 
the  Environmental  Protection  Agency  although  a  num¬ 
ber  of  other  Federal  agencies  also  have  defined  respon- 
stbdbes.  Moreover,  the  states — if  they  choose — have  a 
major  role  in  implementing  these  programs  under  the 
ffliKhiftff  and  lumfviaion  of  EIW, 

^ew  mro^e*  v  wt  ww  *  w 

The  pwgteee  of  the  RCRA  and  Superfund  programs 
has  been  sunoundad  by  controversy  Inspired  m  part  by 
broader  events  wtihin  ERA.  The  haaardoue  waste  pro- 

^  tdsdeieJkr  lsdaaeaiwr4  eakd 

gnM§  nvwf  DMn  uwumwpyvmwy  w  mciviwu  ana 
effected  groups— from  ddesns,  indusby  and  Congwaa 
to  environmental  groups  and  slates  —  for  mcMng  too 
slowly  lor  being  Inaffacdve  in  protaegng  public  heafeh 
and  the  environment,  and  for  being  too  comptes.  costiy 


Mr.  Mfrachhom  la  a  aantor  associate  at  fie  Congees 
tionaf  Office  of  fbchnotogg  Assessment  uftero  he  dir 
ertt  rowdies  on  hanMfeue  waste.  The  uieuw  aapmaad 
h*w*  am  N*  own  and  not  nacaaaartty  (hoae  of  OTA 


White  no  one  seems  to  be  completely  satisfied  with 
the  two  components  of  the  waste  program,  almost  ev¬ 
eryone  wit  agree  diet  the  situation  is  far  better  today 
than  it  was  before  these  programs  were  established. 
Cndtifor  this  must  be  given  to  the  new  regulatory  pro¬ 
grams  and  to  the  general  public  end  Induatty  leaders 
who  ate  becoming  more  aware  of  the  problems  and  the 
long-tarm  tiaMtities  and  coats  of  Improper  management 
of  hatardous  wastes. 

And  yet  many  troubling  issues  remain,  along  with  a 
reluctance  to  address  these  issues  because  of  the  pros¬ 
pect  of  stiti  more  changes  in  the  government  programs. 
Uncertainty  about  what  wastes  end  factittes  aro  to  be 
regulated,  and  how  continues  to  trouble  many  people 

How  Much  of  What? 

What  exactly  do  we  mean  by  hazardous  wastes?  Even 
this  has  been  a  confusing  and  contentious  issue,  in  part 
becauae  of  tts  complexity  Some  wastes  are  conaktered 
hauadous  because  they  have  been  listed  by  ERA  others 
because  they  exhibit  certain  characteristics.  And  then 
there  ate  the  gray  areas;  some  stales  regulate  mote 
wattes  as  hasardous  than  the  Federal  program,  and  a 
canful  reading  of  RCRA  indicates  that  more  wastes 
could  and  may  be  regulated  as  hazardous  in  the  hrtura. 

One  thing  is  dear  hazardous  wastes  are  ubiquitous. 
Virtually  al  Industrial  and  commercial  operations,  re¬ 
search  establishments,  educational  or  hospital  laborato¬ 
ries.  and  military  complexes,  as  we*  as  many  retati  es¬ 
tablish  menu.  are  Hkeiy  to  produce  some  type  of 
hazardous  waste.  But  data  suggest  that  about  one  per¬ 
cent  of  hazardous  waste  generators  account  for  about 
90  pereent  of  the  wastes  nabonaly 

Hatardous  wastes  range  bom  synthetic  organic 
chemicals  to  heavy  or  tonic  maids,  to  bmganic  sludges, 
to  sokrents.  to  diMe  aqueous  waste  streams.  They  may 
be  solid,  kyjfcl,  or  gaseous,  they  may  be  pure  materials. 


atlona.  dbcardad  products,  or  contamlnatad  contalnati 
or  so*  .  Most  hasardous  wastes  are  managad  on  the  she 
where  trey  are  generated,  more  so  In  some  i 


and  generators  than  by  smaH  ones. 

The  Office  of  Technology  Assessment  (OTA)  «*• 
mats*  the  total  amount  of  hatardous  waaie  generated 
annuativ  as  being  bom  255  to  275  mfltion  metric 


7 


tonne*.  Recent  EflA  data  put  the  figure  at  150  million 
metric  tonne*,  but  R  covid  rise.  Federal  and  state  data 
bases  «ff  are  being  developed. 


management  technologies  can  be 


1)  trek  reduction  efforts.  2)  treat¬ 
ment  or  deavudlon  techniques,  and  3)  containment  or 
land  ffapossi. 

Ufcste  reduction  Spurred  on  by  die  rising  cotta  and 
regulatory  btadena  of  managing 


0H  has  gUmt  priority  to 
estabttshtry  ragulattons  for  land 
disposal  option s. 
Tho  result  Is  a  catch-22. 


there  is  a  trend  to  uae  more  source  reduction  techniques. 
These  Indude  the  relatively  simple  and  to*  coat 'house¬ 
keeping' approaches  such  as  seperetion  or  segregation 
of  various  west*  streams  so  that  a  smaler  amount  of 
hasasdous  waste  remains  to  be  managed.  Then  there  are 
changes  In  rear  materials  and  manufacturing  processes 
which  are  more  cssty  attained  when  rierignlng  new  op¬ 
erations.  and  inplant  reqrclng  and  recovery  operations 
that  are  sensitive  to  market  prices  lor  their  feasMky  A 
more  difficult  approach  is  end-product  substitution.  Reli¬ 
able  data  on  the  extent  of  source  reduction  are  scarce, 
but  those  wortdng  In  the  area  of  hasasdous  waste  ganer- 
afiy  beieve  the  psoceea  is  becoming  more  economical 
attractive.  Some  stales  have  Imposed  tana*  on  hazard¬ 
ous  wastes,  which  also  nu^f  hafp  drive  the  system  more 
in  this  dkecBon 

Tneatnynt  and  destruction.  Studkre  by  OTA  and  the 
National  Academy  of  Sciences  have  concluded  that  a 
large  number  of  waale  treabnant  affamaBvea  ere  waste 
specific.  One  or  more  treatment  technologies  ahead y 
have  been  shown  to  be  tschnicsly  affacthre  for  every 
type  of  hazardous  waste.  Mowovet  substantial  research. 

dai^^MreessHBa  deaeMaSMllMl  uiUdea  IlLaki  -  -  JS 

owvu^nii^  otmonmoon  vuivuu  wciy  wi 

lead  to  stff  more  afiemaffvaa. 

Tht*«  ttctmotogftc*  M  Mo  Mvcrai  categories  fcnetud- 
jug  clwmicd  iwiiiwmi  tuch  n  oniwhino^  itwnnri 
destruction  in  convonfllonoi  Inctorilors  or  newer  fount 
of  high  temperature  derricaa  such  as  fiuld  wal  reactor* 

such  as 


The  extent  of  use.  however,  stil  is  limited,  more  because 
ol  economic  factors  than  because  of  leek  of  technical 
effectiveness  Generally  speaking,  the  costs  and  market 
prices  of  treatment  akemattvea  are  subsanbafiy  greater 
than  those  for  most  forms  of  land  disposal,  usuefiy  bom 
$90  to  several  hundred  dolare  more  per  ton  of  hsaasd- 


s*e  and  In 


OTA  and  others  have  suggsstadthat  the  coal  dWsran- 
Hal  is  caused  by  Efftpofidas  and  regulations  dwt  favor 
land  disposal  and  uUmatefy  lead  to  fit*  * 
of  some  of  the  true  short-term  and  long-tarm  < 
sodated  with  it.  Le..  the  users  are  not  paying  al  the  coots 
because  some  are  being  shifted  to  the  future.  The  rea¬ 
son  for  this  is  the  high  ptobaMtty  of  Isfiure  of  land  dis¬ 
posal  operations,  and  there  are  no  firm  aaeunneet  tfiat 
current  users  of  land  disposal  wff  bear  the  coats  of  ht- 
tu re  corrective  actions,  monitoring,  or  daanupe. 

Moreover.  Em  has  glvsn  priority  to  estaUtaNng  regu¬ 
lations  for  land  dbposd  options.  The  result  is  a  catch-22 
situation.  People  are  reluctant  to  use  soma  treatment 
technologies  that  are  unwgtdatsd.  and  Em  la  ptona  not 
to  promulgate  regulations  because  the  technologies  are 
not  being  used.  As  an  example  of  yet  another  dbnenaion 
of  this  problem.  Em  defines  any  residue  or  pttguct  of  a 
treatment  technology  for  hazardous  waste  as  a  hazard¬ 
ous  waste.  The  burden  of  proof  dial  I  is  not  la  with  the 
treatment  fadKy  operator 

The  Superfund  program  also  has  problems  properly 
evaluating  the  cost -effectiveness  of  treatment  options 
versus  containment  or  land  disposal  Nevertheless, 
most  type*  of  treatments  can  be  modified  for  on-site  use 
for  remedial  cleanups,  or  wastes  and  contaminated  ma- 
terids  can  be  sent  to  treabnent  facflWes.  Also,  special 
treatment  approaches  either  are  avalable  or  are  being 
developed  for  uncontrofiad  site  problems,  notably  for 
contaminated  soils  and  aqulfars. 

Land  disposal  options.  The  prevalent  method  of 
managing  newly  generated  hazardous  wastes  as  wel  as 
wastes  and  contaminalsd  materials  from  uncontsofied 
sites  is  land  disposal;  probably  some  80  percent  to  at 
least  90  percent  of  all  such  materials  are  disposed  of  in 
this  manner.  One  area  of  confusion,  however,  it  the  ex¬ 
act  meaning  of  the  term  land  disposal  Many  people 
think  of  Undfid*  when  the  term  land  disposal  is  used.  In 
fact  mare  wastes  go  Into  infection  wefis  and  surface  im¬ 
poundments  (pda,  ponds,  and  lagoons)  than  into  iand- 
ftfis.  Then  there  are  the  categories  of 
(also  called  land  farming  or  land  treatment)  and  < 
dumping  These  are  used  lor  retatkwly  smafi  amounts  of 
hazardous  waste.  Other  terms  of  land  dtepoaai  being  ere 
•mined  and  developed  Include  the  uae  of  salt  < 
and  deposits,  underground  mine  covtoas.  and 
ground  vaults  or  bunkers  which  may  bo  dtacreW 
enclosures  or  above  ground  tendfifis. 

In  most  of  these  caaea  die  principal  otofoctoe  le  con¬ 
tainment  of  die  hazardous  wastes*  La-  separation  of  die 
wastes  from  the  environment.  Bid  In 
ocean  dumping  and  aurfaco  Impoundments*  dtav 


are  Japeratd  into  toe  environment  in  *  way  designed  to 
■educe  adeem  environmental  impacts 
While  some  may  diasyee  with  the  Mowing  general- 
iaattom,  moat  objective  studies  of  land  dfcpoeaL  wheth¬ 
er  ttey  are  dworabcal,  aaparbnontoi,  or  baaad  on  actual 
held  experience,  mid  that  land  dbpoeaf  cannot  assure 
<ne  i9ny  Mffn  piwcnn  or  ptnc  nwn  m  bib  «w 
roomer*.  Land  ibepoart  containment  aystoma  faft  (he 
major  uncertainty  la  whan.  Some  land  fiapnaal  fsrJMi  i 
have  Mad  srtNn  only  slaw  year*.  Whan  one  racognlraa 
that  many  of  die  moat  Me  wastes  wto  aamain  tortc  far 
decades  or  oaraurtak  It  becomes  more  obvious  dial 
land  dbpoaai  la  not  an  acceptable  long4emt  manage¬ 
ment  option  far  thee*  trades.  A  faodnadng  parados  la 
thot  rtdoicllvc  wittb  wWch  In  fact  bocoflu  fan  hoc* 
ardour  over  ton*,  now  ant  aagtdaaad  far  hundreds  and 
thousands  of  year*.  but  land  dbpoaai  fee— aa  lor  haa- 
asdous  wssaea  haw  to  meet  ragubsmanta  lor  only  30 


Part  oi  the  problem  is  the  lack  of  specific  national 
cleanup  goals,  gancraby  referred  to  as  the  “how  dean  is 
dean?*  issue.  Central  to  the  issue  ts  the  fact  that  dean- 
ups  may  never  lead  to  genuine,  permanent  saimtons 
and  can  vary  alytidcandy  tom  one  sbe  to  anodret 

abislavetaof  waktual  onntsmlnadnnandcommtowanta 
lor  Mura  use  of  the  dtot. 

rtorevec  major  uncartalnlles  remain  a*  to  the  number 
of  aatodngtatconbodadabaa.  their  dagree  of  herald,  and 
the  toratowod  of  cursan%  used  waste  tacHaa  (even 
those  for  nonhaaatdoua  said  want  such  w  sanitary 


Mm 

H bBBh 


ft  ft  elaar  that  contmUIng 
haiarioua  uraata  um  remain  a 


however,  someone  wti  have  to  pay  to  dean  up  an  un- 
conuoled  she.  The  coats  for  drat  are  at  least  10  to  100 
times  groaaer  than  the  coats  to  treat  the  wean  in  the  brat 
piece. 

Prtrbc  oppoebton  to  lend  ijapnsai  fadtoaa  and  to  the 
thing  of  new  ones  has  ItbanaMatL  and  not  uajuabd% 
io,  aa  technical  information  and  awrarianoe  support 
many  concerns  and  faan.  But  b  la  unfortunato  that  the 
same  pcbic  hat  dWIcuby  In  ibffeienMedngbahraan  land 
disposal  and  tmatment  factottas.  The  ladac  f  designed 
and  operated  pmpatfy  aaa  timber  to  conventional  mam 
uf  acturtng  operations  using  hauadous  materials  as  raw 
m  atari  alt  or  producing  them  as  products. 

As  the  movement  grows  to  srtb  from  land  dhporal  to 
treatment,  legitimate  concerns  over  the  dftcibw  in  it- 
ing  weete  tmatment  facMra  wto  arise.  To  dale.  ERA  has 
done  Mde  I n  the  aMng  area,  leaving  k  to  the  states  to 
cope  wtth  the  problem.  Elective  regulations  for  such 
treatment  facilities  at ao  are  needed. 


,)  becoming  Supartundrttra- Combining  the  un¬ 


concern  about  what  la  needed  far  the  Suporfand  pro- 
pan.  OTA  aabmatra  that  total  cleanup  coat  cmdd 
amount  to  botown  tlObMonand  NObtoton.  butrtnea 
that  tadmata  more  abra  have  been  roveetad.  in  EBto 
Inventory  theta  sra  worm  17JOOO  latcortrobsd  tbes  and 
Ms  wti  riaa.  (An  unofbdal  aadmato  In  the  fab  of  1983 
(noaaaad  the  figure  to  22X100.)  Future  costs  ootdd 
dmb  aubtoarttatfc  dspsndtog  on  ERA  pobdes. 


Superband  ProMams 

The  Superfand  program  hra  abractad  moat  of  the  atten¬ 
tion  sunounclng  haaatooue  waste*.  Because  Superfund 
sites,  by  iWbntoon.  contort  of  actual  or  Imminent  ta- 

KIM  Ql  RMNM  MWnCM  ID  BK  ftWOClmfH 


TheFuhaa 

What  dora  the  Mura  hold?  Wore  wrasse  am  fce^tobe- 
cometegutf  d  under  RCRA.  Thera  erfl  be  morapaaW- 
bbiona  for  hnd  dbpoaai  of  certain  types  of  wratas  and 
mjiiabiiiii  lor  land  dbpoaaf  bajr  w8  become  more 

IBVtQini  In  IoMNt,  fWIQ  COral  Of  IMf  rTa*rl*ytlini.l  H 

w8  mothrae  more  weate  generators  to  use  toutce  ra- 
ducHon.  Eventuaby  someof  the  obstacles  to  greater  use 
of  baatment  technotogftra  wbl  be  ramovedL  poebb^f  erth 
the  government  provtdbtg  dad  inesrttoas* 

Btpratdbtg  #t*  cunant  bve  year  >1.6  bion  Super- 
lund  program  —  perhaps  urtng  a  taa  on  haaardous 
waraea  ganaratod  tnatoad  of  or  In  addMon  to  die  pnsant 


come  vocal,  e 
«t  and  have 


both  to  rataa 


character  of  ranradM  acMona  and  tho 
soma  s ay  ftattoaljf)  of  sfdblng  ware 


r  tone,  kit 


arty  part  of  the  pnbtom.sto.sbra 
ing  dhsns  of  enara  and  surface  < 


to  com*,  b  i 


BAILEY  GUARD 
CHIEF  CLERK 

SENATE  COMMITTEE  ON  ENVIRONMENT  AND  PUBLIC  WORKS 

I  am  particular?  glod  to  join  your  group  this  morning  because  in  our  work  with 
environmental  issues  we  see  representatives  of  industry,  state  governments,  and  citizen 
groups;  we  see  able  professionals  from  the  Environmental  Protection  Agency  •  but 
other  than  the  Coast  Guard,  scarcely  a  uniform.  Much  less  are  we  familiar  with  the 
environmental  activities  of  the  Department  of  Defense. 

So  this  is  welcome  opportunity  for  me,  if  for  no  other  reason  than  to  illustrate 
the  gulf  between  our  institutions,  and  to  call  attention  to  the  need  for  improved  com¬ 
munication.  I  thank  you  also  for  this  chance  to  meet  with  you,  because  it  required  me 
to  think  about  this  neglected  area. 

I  hope  it  will  neither  surprise  nor  offend  you  when  I  say  I  believe  the  general 
impression  among  Members  and  staff  on  the  Hill  is  that  the  environmental  performance 
of  Federal  facilities,  and  of  the  ogencies  responsible  for  them,  has  been  somewhat 
abysmal.  I  cannot  document  that  impression,  and  I  confess  that  there  has  been  neg¬ 
lect  on  both  sides.  I  do  not  propose  to  dwell  on  past  failures,  but  they  may  be  a 
measure  of  the  nature  of  the  challenge  we  face,  and  of  the  recent  progress  that  has 
been  made. 

Following  the  excitement  and  the  legislative  activity  which  made  the  Senate  Co¬ 
mmittee  on  Environment  the  focus  of  attention  and  accomplishment— with  the  Clean 
Air  Act  of  1970  and  the  Clean  Water  Act  of  1972— and  entire  decode  slipped  by  during 
which,  it  seems  to  me.  Federal  facilities  environmental  compliance  demonstrated  little 
more  than  sluggish  bureaucracies  reflecting  the  not-invented-here  syndrome.  Far  from 
setting  the  example,  rather  than  proudly  showing  what  could  be  done  with  enlightened 
leadership,  the  general  impression  was  of  lethargy  motivated  by  apathy.  Partly,  through 
ignorance,  perhaps  even  from  negligence,  surely  with  a  touch  of  arrogance-but  mostly 
from  a  natural  preoccupation  with  each  agency's  primary  mission  -  environmental 
compliance  became  lost  in  the  competition  of  each  year's  priorities. 

If  that  characterization  is  overly  harsh,  I  hasten  to  add  that  the  institutional 
impediments  were  neither  recognized  nor  dealt  with.  FPA  priorities  went  to  the  States 
and  communities  and  industries  which  cried  out  for  attention.  No  great  independent 
Federal  agency  can  be  expected  to  wax  enthusiastic  about  some  diversion  which  con¬ 
sumes  both  its  budget  and  personnel.  And  the  authorizing  and  appropriations  com¬ 
mittees  olready  had  a  plateful,  dealing  with  each  great  program  of  government. 

After  a  long  dry  spell,  it  appears  that,  with  your  help,  this  situation  is  now  being 
turned  around. 

I  hear  instead  of  the  change  in  attitude,  and  new  leadership  since  the  arrival  of 
Peter  Daley.  Ruckelshaus'  policy,  through  Al  Aim  and  our  friend  Josephine  Cooper, 
once  more  looks  to  setting  the  Federal  example.  And  net  only  far  the  example  of  a 
job  well  done,  but  also  for  the  very  practical  consequence  of  a  gain  against  pollution— 
which  becomes  as  positive  a  contribution  to  the  whole  effort  whether  it  be  a  utility 
stack,  a  municipal  treatment  plant,  a  private  car,  or  an  Army  dump.  Just  as  prac¬ 
tical,  is  avoiding  the  black  mark  which  fades  find  it  so  easy  fa  chalk  up,  if  I  may  mix 
a  metaphor,  against  Uncle  Sam. 
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The  1968  and  following  executive  orders  appear  finally  to  be  bearing  fruit— in  the 
FPA  yellow  book  and  the  policies  it  incorporates.  Both,  I  recognise,  will  be  sterile 
and  unproductive  unless  accompanied  not  only  be  cooperation,  but  also  be  genuine 
initiative,  good  will,  and  hard  work  by  every  contributing  agency. 

Most  of  all,  the  great  alibi  for  inaction  over  the  years  has  been  no  appropriations- 
-when  we  understand  very  well  that  ogencies  know  how  to  get  money  for  those  things 
vital  to  them.  So  agoin,  it  is  a  pleasure  to  have  Jo  Cooper  remind  me  of  the  $50 
million  line  item  to  get  to  work  on  DOO  dumps. 

I  really  did  not  mean  to  preach  a  sermon,  or  to  sing  you  a  hymn  of  praise.  My 
subject  is  supposed  to  be  changing  environmental  attitudes.  So  I  will  comment,  in  a 
general  way  if  I  may,  on  those  I  see  close  at  hand  among  the  Members  and  staff  of 
the  Senate  Committee  on  Environment  and  Public  Works. 

First,  as  to  media,  as  it  is  called,  we  began  seriously  in  1970  with  air,  and  two 
years  later  on  clean  water.  Then  in  1976  we  tackled  an  even  more  intractable  sub¬ 
ject,  solid  waste,  at  the  same  time  we  were  trying  either  to  fine  tune  or  to  further 
complicate  the  air  and  water  programs.  Now,  following  superfund  and  Love  Canal  and 
Times  Beach,  attention  is  more  and  more  on  toxics,  hazardous  emissions,  carcinogens, 
mutagens—  in  short,  poisons. 

While  it  is  not  a  field  that  particularly  entrances  me,  I  think  that  trend  is  likely 
to  continue.  It  is  obviously  a  subject  with  an  almost  endless  capacity  to  attract  pub¬ 
lic  interest,  and  one  which  grips  the  attention  of  a  generation  fascinated  by  diets,  and 
enthralled  by  nature.  And,  I  submit,  it  is  past  the  time  that  we  should  move  from 
NOX  and  smog,  and  from  SO2  and  acid  roin,  to  the  hazardous  air  pollutant  and  the 
hidden  myst  jries  of  the  water  we  drink. 

A  brood  new  area  of  interest  is  groundwater— to  which  one  of  devoted  new  Mem¬ 
bers,  Senator  Durenberger  of  Minnesota,  has  already  given  a  great  deal  of  attention. 
Here  is  a  subject  that  promises  to  cross  even  more  jurisdictional  lines,  and  require 
cooperation  between  even  more  disciplines  and  institution.  On  our  own  Committee, 
Senators  Abdnor  and  Moynihan  have  the  rivers  and  harbors  that  feed  the  groundwater. 
Senators  Durenberger  and  Baucus  are  responsible  for  the  safe  drinking  water  drawn 
from  the  groundwater.  And  Senators  Chafee  and  Mitchell  have  the  dumps  and  sites 
that  polluts  the  groundwater. 

An  example  of  how  rapidly  attention  is  being  focused  is  the  new  issue  of  ledcage 
from  underground  tanks.  Our  subcommittee  hearing  of  November  29  surfaced  the 
issue,  followed  by  additional  hearings,  staff  work,  introduction  of  a  bill,  and  now  every 
prospect  that  the  Durenberger  underground  tank  amendment  will  be  added  to  the  ex¬ 
tension  of  RCRA  when  it  is  taken  up  In  the  Senate  next  month. 

The  time  for  huge  new  grants  programs  is  gone.  New  initiatives  involving  trust 
funds,  or  fixing  liability  maybe.  That  leaves  regulatory  and  enforcement  measures,  and 
all  of  us  are  shy  of  over -regulation.  So  It  may  be  that  the  very  best  we  can  do  is 
just  to  carry  out,  and  work  to  complete,  and  improve  upon,  and  make  more  efficient 
and  more  equitable  the  environmental  programs  and  projects  already  put  an  the  track. 


A  red  swing  in  attitude  teemed  most  likely  three  years  ago,  about  the  time  the 
Republicans  gained  control  of  the  Senate  for  the  first  time  since  I  have  been  watching 
it.  The  Clean  Air  Act  was  at  the  tap  of  the  list  of  regulatory  reforms.  The  Cham¬ 
ber  of  Commerce  spread  the  word  that  the  Clean  Air  Act,  Clean  Water  Act  and  all 
were  about  to  expire  which  would  provide  the  opportunity  for  revisions  and  for  changes 
which,  in  retrospect,  could  have  cut  as  wide  and  as  deep  as  those  industry  secured  in 
tax  changes.  But  that  time  has  clearly  passed. 

* 

Let  me  describe  briefly  the  work  of  the  Committee. 

t 

After  two  years  work  following  nearly  30  days  of  hearings  and  as  many  markups, 
our  Committee  in  1982  reported  clean  air  extension  and  modifications  by  a  vote  of  IS 
to  I.  One  week  ago  today,  after  two  days  In  markup,  with  an  enlarged  committee** 
in  fact  four  new  members— the  Committee  reported  138  pages  of  clean  air  amendments 
by  a  vote  of  16  to  2.  This  time  the  acid  rain  title  requires  a  10  million  ton  amend¬ 
ment  reduction  in  SO2,  rather  than  8  million  tons.  Attitudes  appear  to  be  solidifying 
rather  than  changing. 

Clean  air  and  clean  water  no  longer  rivet  the  nation's  attention  as  they  did  when 
the  Senate  Public  Works  Committee  was  redesignated  the  Committee  on  Environment 
and  Public  Works.  The  most  pressing  national  priorities  remoin  the  deficit,  with  its 
threat  of  inflation,  and  of  program  pruning)  the  Middle  Fast;  nuclear  war.  But  it 
seems  to  me  that  the  environment,  like  civil  rights  which  preceded  it,  has  moved  from 
discovery  and  protest  to  orthodoxy  and  dogma. 

A  remarkable  consistency  has  invested  the  work  of  the  Senate  Committee,  reflecting, 

I  must  believe,  a  notional  concensus,  and  what  has  become  a  more  or  less  settled 
public  view.  Before  leaving  the  office,  I  looked  back  at  the  membership  of  the  Co¬ 
mmittee  at  the  time  of  enacting  the  Clean  Air  and  Clean  Water  Acts,  anu  found  of 
present  Members  only  Howard  Baker  and  Robert  Stafford  on  our  side,  and  Jennings 
Randolph  and  Lloyd  Bentsen  on  the  other.  Stafford,  now  Chairman;  Baker,  now  Leader 
but  leaving)  Bentsen  an  deck.  By  1976,  when  the  Committee  was  so  deeply  involved  in 
RCRA  as  well  as  air  and  water,  Quentin  Burdick  and  Gary  Hart  had  become  members. 

Alumni  such  as  Bab  Dole,  Jim  McClure  and  Pete  Domenici  have  quite  an  enhanced 
policy  role  in  the  Senate  of  today.  As  I  mentioned.  Senators  Evans  and  Lautenberg 
are  quite  new  to  the  Committee,  as  were  Dave  Durenberger  and  Gordon  Humphrey  last 
year. 

« 

Yet,  with  these  changes  in  membership,  with  the  changes  in  national  mood,  with 
rather  profound  changes  in  technology  and  the  cultural  life  of  our  country,  and  across 
several  changes  in  administrations,  the  direction  of  policy  for  environmental  protection  , 

and  the  general  approach  of  Congress—  so  far  as  one  can  characterize  such  an  amor* 
phous  institution-*  remains  consistent. 

I  do  not  know  whether  this  is  helpful  to  you.  But  I  hope  it  may  provide  some 
guidance  that  is  useful— just  as  ft  may  be  the  most  useful  thing  for  industry  and  mun¬ 
icipalities  to  have  at  least  some  assurance  that  they  can  plan,  and  work,  and  invest, 
with  the  expectation  that  that  investment  of  time  and  effort  will  produce  a  worth¬ 
while  result,  will  not  be  cast  as  ids  in  favor  of  some  new  whim,  but  will  occorrpiish 
seme  lasting  result  for  good. 
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1.0  INTRODUCTION 


'On*  of  the  first  Major  envl ronmental  regulatory  rofona  efforts  undo r  the 
Reagan  Administration  Is  the  (Missions  Trading  Program.  The  progroe  provides 
that  States  May  develop,  for  Federal  approval,  a  system  that  allows  facilities 
to  trade  penalts  to  discharge  air  pollutants.  Participation  on  the  part  of 
the  States,  Federal  Facilities,  and  activities  Is  purely  voluntary. 

The  (Missions  Trading  ProgriM  allows  relaxation  of  discharge  IlMltatlons  on 
one  location  within  an  activity  while  requiring  a  greater  degree  of  abatoMent 
at  other  locations  within  the  facility  or  within  the  region.  Shifting  the 
regulatory  focus  fraw  point  source  control  to  the  activity  level  has  Inportant 
adMlnlstratlve  and  efficiency  Implications.  The  activity  that  produces 
pollution  May  consist  of  a  set  of  one  or  More  unit  processes  and  unit  oper¬ 
ations.  (xaeples  are  an  Industrial  plant,  a  shipyard,  a  jet  engine  testing 
facility,  an  office  building,  a  boiler  plant,  a  fuel  storage  area,  or  a  Motor 
vehicle,  (ach  generates  by-products  according  to  somo  time  pattern;  It  Is  at 
the  activity  level  rather  than  at  the  Individual  point  source  that  reductions 
In  discharges  can  be  Most  efficiently  brought  about. 

This  paper  addresses  the  potential  use  of  (Missions  Trading  at  DoD  Installa¬ 
tions.  Section  2.0  provides  a  discussion  of  the  Clean  Air  Act.  Section  3.0 
summarizes  the  (missions  Trading  concept.  Section  4.0  provides  three  case 
studies  of  (Missions  Trading,  viz.,  Lemoore  Naval  Air  Station,  Norfolk  Naval 
Shipyard,  and  the  Tri-Services  (Missions  Trading  Project.  Me  conclude  In 
Section  S.O  that  efforts  to  Incorporate  (Missions  Trading  In  the  DoD  Instal¬ 
lation  planning  process  will  be  Important  as  the  future  development  of  this 
air  quality  Management  system  takes  place. 

--"IS. 

2.0  CLEAN  AIR  ACT 

The  U.S.  Clean  Air  Act  (CAA),  as  amended,  contains  four  Major  provisions  for 
Managing  air  quality  as  It  Is  affected  by  stationary  sources.  These  comprise 
the  following: 

e  The  U.S.  Envl ronmental  Protection  Agency  (EPA)  established  National 
Ambient  Air  Quality  Standards  (NAAQS)  for  so-called  "criteria  pol¬ 
lutants,"  viz.,  primary  standards  to  protect  human  health  and  second¬ 
ary  standards  to  protect  welfare  (see  Table  1) 

e  (PA  was  required  to  establish  amissions  standards  for  sources  of 
pollution  that  were  constructed  after  the  Issuance  ef  regulations 
(called  Now  Source  Performance  Standards  (NSPS)) 

e  States  were  required  to  prepare  Implementation  plans  (State  Imple¬ 
mentation  Plans  or  SIPs)  showing  how  they  would  achieve  and  Maintain 
the  NAAQS 

e  CPA  was  required  to  establish  National  (mission  standards  for  Hazard¬ 
ous  Pollutants  (NCSMAPS) 

The  principal  elements  ef  air  quality  nenegmaeat  in  the  CM  Includes  direct 
regulation  through  conditions  placed  on  the  operation  ef  activities  that 
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TABIC  1.  NATIONAL  AMIICNT  AIN  QUALITY  STANMNDS 
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discharge  pollutants.  Permits  to  operate  often  Include  the  specification  of 
discharge  limits  fren  stationary  sources,  the  specification  of  production 
processes  (technology),  and  the  specification  of  the  quality  e if  Input  Ma¬ 
terial  s  to  production. 

The  second  element  Includes  a  non 1 tori no  and  enforcement  program  to  ensure 
that  the  sources  comply  with  the  conditions  specified  in  the  permit;  various 
types  of  economic  Incentives,  such  as  tax  credits,  low  Interest  rate  loans, 
rapid  depreciation  for  Investment  In  "air  pollution  control*  facilities,  and 
penalties  for  noncompllance.  Conceptually,  the  regulatory  structure  of  the 
CAA  Is  driven  by  the  objective  of  achieving  the  RAAQS. 

The  CAA  Is  based  upon  a  "commend  and  control"  regulatory  approach.  It  pre¬ 
scribes  discharge  requirements  on  a  point  source  basis.  The  administrative, 
monitoring  and  surveillance  costs  of  this  approech  are  relatively  high.  For 
enable,  a  petroleum  refinery  may  contain  a  combination  of  point  sources 
Including  8.000  valves,  24,000  flanges.  450  pumps,  50  process  drains  and  three 
flares,  each  with  Its  own  abataMnt  requirements.  The  prescription  of  control 
requirements  to  this  level  disregards  the  skill  and  enterprise  Incentives  of  a 
facility  manager  and  other  decision-makers  In  fashioning  approaches  that  meet 
air  quality  requirements  In  the  most  cost-effective  manner. 

Other  shortcomings  have  been  observed  In  Implementing  the  CAA.  First,  the  air 
quality  management  Information  base  Is  both  limited  end  often  Inconsistent. 
Second,  the  monitoring  and  Inspection  of  facilities  has  been  Insufficient. 

Third,  agencies  have  tended  to  provide  meager  guidance  In  selecting  the  most 
appropriate  pollution  control  equipment.  Fourth,  the  present  regulatory 
framework  does  not  serve  to  facilitate  the  development  and  use  of  Innovative 
control  technologies.  Lastly,  the  use  of  legal  sanctions  to  bring  violators 
Into  compliance  has  not  been  effective. 

It  Is  not  entirely  surprising,  therefore,  that  the  effectiveness  of  the 
current  regulatory  approach  to  elr  pollution  control  has  been  criticized. 
Critics  have  claimed  that  not  only  do  costs  exceed  benefits,  but  capital  has 
been  diverted  from  mare  productive  Investments,  productivity  has  been  reduced, 
and  Innovation  has  been  stifled. 

3.0  EMISSIONS  TRADIW 

The  EPA  Bales Ions  Trading  Program  represents  a  practical  approach  to  solving 
the  air  quality  problems  In  terms  of  economic  benefit.*  Emissions  Trading 
sets  an  absolute  limitation  on  the  quantity  of  specific  pelletants  present 
In  the  atmosphere  far  a  region.  The  amount  of  pollution  allowable  by  Individual 
facilities  In  the  region  Is  fixed  by  panel ts-to  operate.  Once  these  discharge 
limitations  are  set,  the  Emissions  Trading  Program  allows  existing  facilities 
to  trade  among  thasselves— based  on  which  dischargers  can  achieve  the  mast 


*b.$.  Environmental  Protection  Agency.  "Bel salons  Trsdlng  Polity  Statement: 
tenoral  Principals  far  Creation,  leaking,  and  Use  of  Bstsslen  Reduction 
Credits.*  federal  Resistor.  vol.  41,  Ns.  171,  August  31,  lgu,  pp.  MW 
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cost-effective  reduction  In  their  discharges.  This  swans  that  sows  facilities 
■ay  central  no re  than  ethers  while  the  region  as  a  whole  neats  Its  enblent  air 
quality  goal. 

A  trading  eysten  In  discharge  pernlts  represents  the  natural  evolution  of  such 
Innovative  adnlnlstratlve  procedures  as  the  bubble,  offsets,  and  banking- 
developed  by  CM  In  response  to  Increased  understanding  of  air  quality  nonage* 
nent  and  the  llnltatlons  of  current  regulatory  approaches. 

The  bubble  policy  allows  variation.  Instead  of  requiring  unlfomlty  In  pollu¬ 
tion  conCrnis'nseng  points  of  discharge  within  a  single  Industrial  process 
provided  that  overall  regional  air  quality  goals  are  nalntalned. 

The  offset  policy  allows  the  owner  of  a  new  plant  to  operate  provided  that  It 
obtains  equivalent  reductions  In  the  discharges  of  pollutants  fran  owner(s)  of 
existing  plants. 

banklna.  the  nost  recent  CM  progran,  allows  suppliers  of  discharge  reductions 
to  receive  "credit"  for  those  reductions.  The  "credits"  nay  be  used  (or  sold) 
later  and  can  allow  the  user  to  exceed  otherwise  prohibited  applicable  stan¬ 
dards.  The  Cal ss Ions  Trading  Progran  consolidates  the  bubble  and  offset 
procedures  In  a  single  transactional  Inst rune nt  called  an  Eal sslon  Reduction 
Credit  (CRC).  The  creation  of  the  CRC  Is  United  to  reductions  by  existing 
dischargers  below  alnlaua  requlreaents.  Traders  are  required  to  daaonstrete 
equivalent  aablent  effects  free  transactions  In  CRCs. 

The  U.S.  CPA  has  estimated  that  the  savings  from  approved  and  proposed  bubbles 
con  be  ever  $200  Million  (see  Table  2  for  a  listing  of  bubble  applications  by 
Industrial  category).  The  CPA  has  further  estiaatod  that  the  total  savings 
froa  all  bubbles  approved,  proposad.  or  under  development  to  date  can  be  over 
$700  all lion.  For  example,  by  changing  fuels,  the  Narragansett  electric 
Camp iqy  of  Rhode  Island  achieved  an  annual  savings  of  $3  million  while  re¬ 
ducing  discharges  of  sulfur  dioxide  by  39  percent  below  requirements.  A 
change  In  control  has  boon  reported  to  save  Arnco  Steel  In  Klddletown.  Ohio, 
$10-14  million  In  capital  costs  for  oqulpnent  to  control  particulates  and  $2.5 
million  In  annual  operating  costs.  Table  3  provides  a  listing  of  cost  savings 
of  several  approved  bubbles. 

4.0  £Ag  SJffiliS 

In  seeking  to  explore  the  application  of  Emissions  Trading  to  DeO  Installa¬ 
tions.  three  cose  studies  are  offered.  TWo  deal  with  ettmapts  to  utilise 
Emissions  Trading  at  BoO  Installations;  the  first  Involves  attempts  to  control 
Mtregem  Oxide  amissions  from  Jet  test  cells  at  leasers  HAS  In  California,  and 
the  second  deals  with  the  use  of  Bntsslens  Trading  to  control  particulates 
from  heller  operations  at  the  Serf  elk  Ravel  Shipyard  In  Virginia.  The  third 
case  study  dsss  set  address  a  specific  OaO  installation,  bet  a  Trl -Service 
effort  directed  toward  developing  emissions  trsdtng  guidance.* 


■seer  case  stem  os  could  conceivably  hove  been  < 
it  NeClellan  API  in  California.  Ha  believe,  hoi 
selected  beet  Illustrate  valuable  lessons  to  be 
Trading  to  Id  Installations. 


seed.  e.g..  excess  centrals 
•  that  the  case  studies 
nod  from  applying  Emissions 


TAKE  2.  BUBBLE  APPLICATIONS  BY  INDUSTRIAL  CATEGORY 


Type  of  Industry 

Change  In  Control 

Process  Change 

Fuel 

Switch 

Total 

iSP 

VK 

^ST 

“2 

Iron  Stoul 

7 

7 

Other  Metals, 

Including  Cauent 

Chalcal  Nfg 

1 

1 

Utilities 

1 

3 

4 

Graenhousa 

2 

2 

Coating  -  paper. 

tape,  wire 

2 

2 

4 

Coating  -  cans. 

appliances,  autos 

1 

1 

Distillery 

1 

1 

Pulp  and  Paper 

1 

1 

2 

Tires  and  Plastic 

1 

1 

Glass 

2 

l 

3 

Other 

_ 

— 

- . 

— 

— 

I 

A 

Total 

11 

2 

1 

4 

l 

8 

27 

VOC  •  Volatile  Organic  Coupounds,  hydrocarbons  that  react  with  NO*  to  for*  photo- 
chalcal  oxidant,  alio  callod  ozono  (03).  TSP  ■  Total  Suspended  Particulates. 

SO2  •  Sulfur  Dioxide. 


Source:  U.S.  Environmental  Protection  Agency.  EPA  Hitt  IS  approved  bubble 

transactions  as  of  Sept whir  20,  1983.  Several  did  net  fit  within  the 
cateyorles  above,  e.g.,  f anon- Avery  International,  Lake  County,  Ohio, 
Involved  a  solvent  Input  change  and  change  In  control  techneloyt  Nonoral 
Electric  and  Borden  Chaalcsls  In  Louisville,  Kentucky,  Involved  OKs 
purchased  or  leased  fro*  other  dischargers;  Nsnsrsl  Portland,  Tape, 
Florida,  end  U.S.  Stool,  Allegheny  County,  Pennsylvania,  involved  ERCs 
created  free  shutdowns.  EPA  has  not  provided  a  final  ruling  on  the 
acceptability  of  ERCs  created  fra  p reduction  cartel laeets  a  plant 


TABLE  3*  REPRESENTATIVE  CONTROL  COST  SAVINGS  PROM 
APPROVED  BUBBLE  TRANSACTIONS 


Fins 

Industrial 

Category 

Type  of  ERC 

Cost  Savings 

3M 

Bristol,  PA 

Tape  and 
packaging 

Process  change 

VOC 

$3  million  capital, 
11.2  Million  annual 
operating  costs 

Kentucky  Utilities 
Muhlenberg,  KY 

Electric 

Utility 

Change  In  control 
“p 

SI. 3  Million  annual 
operating  costs 

General  Motors 
Defiance  County 

,  OH 

Foundry 

Change  In  control 
TSP 

$12  Million  capital 

National  Steel 
Corp.,  Welrton, 

MV 

Integrated 

steel 

Change  In  control 
TSP 

$30  Million  capital 

U.S.  Steel 
Falrless  Hills, 

PA 

Integrated 

steel 

Change  In  control 
TSP 

$27  Million  capital 

J.H.  Thompson 
Keimett  Square, 

PA 

Greenhouse 

Fuel  switch 
*2 

$100,000/yr  operating 

Scott  Paper  Co. 
Chester,  PA 

Paper  art  11 

Fuel  switch 
»2 

$220,000/yr  operating 

Source:  U.S.  Environmental  Protection  Agency.  "Status  Report  on  Emissions 
Trading  Activity,"  MoMorandun,  Novonber  8,  1983. 
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4.1  Lemoore  Naval  Air  Station 


Tho  Lemoore  Naval  Air  Station  (NAS)  It  located  In  central  California  near 
Hanford,  California.  The  local  air  quality  agency  It  the  Kings  County  Air 
Pollution  Control  Dlttrlct.  Implementation  of  the  emlttlont  trading  concept 
focuted  on  emlttlont  from  Tett  Cell  |3  for  the  performance  verification  of  the 
F404  aircraft  engine  at  the  NAS. 

The  central  Ittuet  attoclated  with  thlt  cate  emerged  In  the  courte  of  an 
Initial  review  by  the  Dlttrlct,  via.,  pottlble  exceedence  of  the  Dlttrlct't 
200  pounds  per  day  New  Source  Review  offiet  threshold  for  Nitrogen  Oxides. 

On  April  2,  1982,  the  District  Issued  a  Conditional  Permit  requiring  the  NAS 
to  Identify  offsets.*  Approval  conditions  Included  offsets  at  a  ratio  of 
1.2:1  If  Lemoore  tested  one  or  more  F404  aircraft  engine  per  day.  Upon 
receipt  of  additional  data,  the  District  would  determine  tdtether  amissions  are 
less  than  the  threshold  offset. 

In  March  1983,  Lemoore  provided  test  run  data  to  the  District.  The  estimated 
NOX  emissions  were  209.8  pounds  per  day;  this  exceeded  the  offset  threshold. 
This  estimate  wes  calculated  by  the  Naval  Air  Propulsion  Center  In  Trenton, 

New  Jersey  (see  Tables  4  and  S).  The  letter  also  specified  a  number  of  areas 
which  must  be  addressed,  l.e.,  emissions  factors  for  tracking  NOX  Missions, 
and  the  determination  of  acceptable  offset  sources  should  conditions  arise 
which  necessitated  the*  (contingency  offset  requirements). 

In  an  April  5,  1983,  letter  to  Lemoore  from  the  District,  the  District  accepted 
an  Missions  estlMte  of  130.3  pounds  per  day  of  NOX  per  F404  engine.  The 
District,  however,  rejected  Lemoore's  request  for  an  extension  citing  Rule 
20S  (which  gives  a  two-year  extension  but  allows  not  further  extensions). 

The  Authority  to  Construct  wes  conditioned  upon  the  following  requlrmeents: 


*In  February  1979,  the  Ninth  Circuit  Court  of  California  held  thet  the  Federel 
Clean  Air  Act  could  regulate  the  noise,  visible  emissions  (smoke)  and  Nitrogen 
Dioxide  Missions  from  Naval  jet  facilities.  Of  the  jet  facilities  et  55 
Installations,  there  were  295  unabated  facilities,  75  jet  cells,  six  sound 
suppressors,  and  four  hush  houses.  In  designing  compliance,  a  number  of 
options  were  Included,  viz.,  specific  design  of  the  engtne,  level  of  engine 
maintenance,  integrity  of  performance,  high  temperatures  or  exheust,  end 
high  velocities  of  exhaust.  A  number  of  eddltlonal  cons Ideret Ions,  however, 
affect  specific  compliance  decisions,  e.g.,  unabated  fecllltles/sound  sup¬ 
pressors  create  pollution  Intensities  at  ground  level,  jet  cells  ere  deter¬ 
iorated  thereby  requiring  extensive  Ml  (iterance,  and  new/major  modified 
Jet  facilities  require  NOR  wet-chemical  scrubbers  unless  offset  sources 
can  Improve  local  air  quality  of  nonattainment  regions.  At  that  time.  It 
wes  recognized  that  additional  research  and  development  was  needed.  A  pilot 
study  on  air  quality  Improvement  for  NOR  offset  requirements  wes  recommended 
at  Alameda  MAP  or  Lemoore  NAS, 


.  . ,  *  ->1% 
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TABLE  4.  BASIC  EMISSIONS  ESTIMATED  BASED  ON  NAVAL  AIR  PROPULSION  CENTER 
FUEL  FLOW  AND  EMISSION  FACTORS 


if 

Ties  In 
Node 
(Min) 

Fuel  Use 

Lbs/Hr 

(6a1/Nr) 

Fuel  Use 
During  Tlee 
In  Node 

61 

25 

623.9  91.48) 

38.12 

FI 

20 

814.8  119.47) 

39.82 

IRP 

25 

8586.9  1259.08) 

524.62 

A/B 

10 

28396.5  4163.71) 

693.95 

«  ■  ISO! 

Gelsslon  Factor 
Lbs/1000  lbs 
Futl 


NOX 

Emissions 

(Lbs) 


1.16  0.30 

3.00(1)  0.81 

2S.16  90.02 

9.22  43.64 

«  •  134.77 


lAESCO  estleated  this  factor  froe  a  plot  of  futl  usa  versus  reported  eel >s Ions 
factors  by  NAPC. 


TABLE  5.  ADDITIONAL  INCREMENT  ADDED  TO  TABLE  $  EMISSIONS  TO  ACCOUNT  FOR 
1800  6AL/EN6INE  RUN 


Tlee  In 
Node 
(Min) 


Fuel  Use 
Lbs/Mr 
(Oal/Hr) 


Fuel  Use 
During  Tlee 
In  Node 


Eel ss Ion  Factor 
Lbs/1000  lbs 
Fuel 


NOX 

Emissions 

(Lbs) 


20.55  623.9  9.48 

20.65  814.8  119.47 

20.55  8686.9  (1259.08! 


8)  31.33 

7)  40.92 

8)  431,23 
«  •  503.48 

««•  1799.99 


1.16 

3.00 

25.16 


0.25 
0.84 
74.09 
«■  709 
<<•  209.86 


Source:  U.S.  Navy.  Utter  with  Attachments  to  Kings  County  Air  Pollution 

Control  District.  San  Bruno,  California:  Naval  Facilities  Engineering 
Caaannd,  Nostem  Division,  1  March  1983,  p.  t. 
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•  Source  totting  for  determining  compliance 


e  Testing  of  one  or  more  F404  engines  nay  require  offsets  at  a  ratio  of 
1.2:1  per  pounds  of  NOX  emitted 

The  District  requested  that  Lamoore  provide  a  list  of  potential  offsets 
following  the  Initial  operation  of  the  test  cell. 

In  a  June  24,  1983,  letter  from  the  District,  It  was  recognized  that  the 
critical  Issue  was  pounds  of  NOX  emitted  per  day  and  not  necessarily  the 
number  of  engines  tested.  The  District,  therefore,  accepted  Lemoore's  re cog¬ 
nized  position  that  actual  emissions  could  be  calculated  with  reasonable 
accuracy  based  upon  the  cumulative  time  spent  In  each  power  mode  using  omis¬ 
sions  factors.  Also  accepted  was  that  Lamoore  would  limit  emissions  of  NOX 
from  the  test  cells  to  200  pounds  per  day.  The  District  rejected,  however, 
Lemoore's  contention  that  purely  manual  recording  of  time  spent  In  each 
testing  mode  would  be  an  acceptable  way  to  monitor  emissions. 

Subsequently,  Lamoore  Indicated  that  the  monitoring  of  NOX  from  test  cells 
could  be  accomplished  by  a  manually  administered  system  rather  than  a  con¬ 
tinuous  system  with  charting  capability.  Lamoore  also  Indicated  that  a  pre¬ 
dictive  rather  than  an  actual  recording  system  was  needed  to  monitor  the 
emissions.  Specific  guidance  from  the  District  was  requested  concerning  the 
adequacy  of  addressing  the  offset  requirements. 

As  can  be  seen  from  the  above,  extensive  consultation  was  carried  out  between 
the  Navy  and  civilian  air  pollution  control  officials.  As  of  this  writing,  a 
resolution  has  not  been  reached.  Lamoore  has  submitted  emission  factor  data, 
offered  an  alternative  monitoring  approach,  and  requested  guidance  as  to 
whether  conditions  permitted  approaches  other  than  those  which  would  require 
the  use  of  offsets. 

4.2  Norfolk  Naval  Shipyard 

The  Norfolk  Naval  Shipyard  Is  located  In  Portsmouth,  Virginia,  within  the 
Hampton  Roads  Intrastate  Air  Quality  Control  Region.  The  principal  activities 
pursued  at  the  Shipyard  Include  overall  construction,  repair,  alterations, 
drydocking  and  outfitting  of  ships  and  other  water  crafts.  Pollutants  are 
generated  by  painting,  sand  and  grit  blasting,  plating,  degreasing,  metal 
forging,  and  boiler  operations. 

Activities  at  the  Norfolk  Naval  Shipyard  are  aggregated  Into  several  land 
areas  that  are  separated  by  various  natural  and  manmade  features.  The  areas 
Include  housing  tracts  (New  Gosport  and  Stanley  Court  areas),  areas  where 
ships  are  laldup  for  extended  periods  of  time  (South  and  St.  Helena's  Annex), 
extended  shipyard  services  (St.  Julian's  Creek  Annex),  and  the  main  Naval 
Shipyard. 

The  principal  Issue  associated  with  this  case  study  Involved  amissions  from 
boilers.  There  are  M  boilers  located  throughout  the  Shipyard.  The  types  of 
fuel  burned  Include  natural  gas,  distillate  and  residual  oil,  and  refuse.  The 
boilers  provide  steam  for  process  equipment,  equipment  testing,  generating 
electricity  and  space  heating. 


light  of  those  boll  on  ore  the  subject  of  this  case  study.  They  exceeded  the 
Co— onwaalth  of  Virginia's  particulate  Missions  Halts.  In  particular,  the 
Main  SteM  and  Power  Plant.  Building  174,  exceeded  air  standards  by  approxi¬ 
mately  60  percent,  and  the  Salvage  Fuel  Fired  Boiler  Plant,  Building  1460, 
exceeded  Missions  Halts  by  up  to  90  percent. 

The  Main  SteM  and  Power  Plant  consists  of  six  boilers  and  ms  constructed 
between  1939  and  1944.  Particulate  Missions  Mre  controlled  by  large  dia¬ 
meter  cyclones.  The  Salvage  Fired  Fuel  Boiler  Plant  consists  of  two  water 
wall  boilers  completed  In  1977  and  burned  refuse,  as  received,  on  reciprocating 
grates.  Particulate  Missions  Mre  controlled  by  a  single  field  electrostatic 
precipitator. 

During  1979,  studies  Mre  performed  In  order  to  devise  corrective  actions.  It 
was  found  that  because  the  efficiency  of  the  Main  SteM  Plant's  boilers  had 
deteriorated  to  an  estlmatad  70  percent;  unburned  carbon  Mde  up  approxi¬ 
mately  60  percent  of  the  particulates  being  Mlttad  from  the  stack.  Due  to 
the  age  of  the  plant  and  preliminary  stack  Mission  results,  final  compliance 
with  Virginia  Air  Pollution  standards  could  not  be  guaranteed.  The  Salvage 
Fuel  Boiler's  electrostatic  precipitator  ms  found  to  be  deficient  In  removal 
efficiencies  due  to  several  factors,  e.g.,  power  levels,  size  of  the  unit, 
spark  rate  control  and  transformer/rectifier  controls.  In  order  to  achieve 
Mission  levels  specified  In  Its  permit.  It  ms  rscom—nded  that  a  new  elec¬ 
trostatic  precipitator  be  Installed  upstreM  of  the  existing  one. 

The  cost  of  these  corrective  Items  ms  estlmatad  to  be  approximately  $6 
million  for  the  Main  SteM  Plant  and  $2.6  million  for  the  Salvage  Fuel  Fired 
Boiler  Plant  (see  Table  6).  For  the  Main  SteM  Plant,  approxlMtely  $2.6 
million  ms  for  the  repair  and  Improve— nt  of  boiler  efficiency.  Because  the 
Virginia  Air  Pollution  Control  Board  wished  that  this  facility  be  brought  Into 
compliance  as  rapidly  as  possible.  It  ms  determined  that  $3.7  million  be 
Included  for  an  electrostatic  precipitator. 

While  these  factors  —re  being  considered,  several  events  took  place  which 
created  a  favorable  situation  for  the  application  of  a  “bubble.  First,  plans 
associated  with  a  regional  Trash  Burning  Plant  had  bee n  finalized;  Shipyard 
officials  beca—  skeptical  about  spending  $8.9  million  for  bringing  facilities 
Into  compliance  when  these  facilities  would  be  repieced  within  a  few  years. 
Second,  the  Virginia  Air  Pollution  Control  Board  determined  that  salvage  fuel 
fired  boilers  Mre  not  Incinerators;  the  standard  that  would  have  to  be  mat, 
therefore,  ms  the  Virginia  regulation  for  existing  boilers.  Finally,  the 
Virginia  Air  Pollution  Control  Board  promulgated  their  Bubble  Policy  in 
January  i960  and  suggested  an  allocation  of  allowed  particulates  Missions. 

With  this  In  mind,  four  bubbles  Mre  formed  around  the  Shipyard.  One  ms  over 
the  —In  Shipyard  for  the  statlonary-per— nent  boilers;  another  ms  formed  for 
the  stationary-portable  boilers;  a  third  bubble  ms  formed  for  the  South  Annex 
boilers;  and  finally  a  bubble  ms  developed  for  the  rmnte  housing  site 
boilers.  This  approach  allowed  the  Main  SteM  Plant  to  cow  Into  compliance 
while  not  being  required  to  Install  an  electrostatic  precipitator;  the  savings 
dee  to  this  bubble  ms  estl— ted  to  be  apprexl— tely  $3.7  ml lllen.  The 
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TABLE  6.  ESTIMATED  COSTS  FOB  CORRECTIVE  ITEMS  FOR  THE  MAIN  STEAM 
PLANT  AND  SALVAGE  FUEL  FIRED  BOILER  PLANT 


ItM 

Cost(l) 

Main  Steam  and  Power  Plant 

Repair  Combustion  Controls 

154,000 

Replace  Oust  Collectors 

441.000 

Repair  Breeching 

673,000 

Rehabilitate  Boiler  No.  10 

421,000 

Replace  Oxygen  Meters 

15.000 

Rehabilitate  Boiler  No.  11 

722.000 

Repair  Smote  Stack 

206,000 

Additional  Pollution  Control  Device 

3.700.000 

TtTOTOJ 

Salvage  Fuel  Fired  Boiler  Plant 

Repairs  to  Electrostatic  Precipitator 

110,000 

Construct  New  Multi-Cyclones 

300,000 

Install  Opacity  Maters 

15,000 

Additional  Electrostatic  Precipitators 

2.200.000 

'TtZClRB 

1 Estimated  costs  oxprtssod  In  1982  dollars. 


Source:  Thompson,  Chtrlos,  Application  of  the  Bobbin  Concept  to  Fool  Burning 
Sources  at  a  Naval  Industrial  Coem  lex.  Houston.  Texas:  Fourtn 
Symposium  on  the  Transfer  ani  Utilization  of  Particulate  Control 
Technology,  October  1982,  pp.  unnumbered. 


24 


Salvage  Fuel  Fired  toller  compliance  Involved  upgrading  the  existing  electro¬ 
static  precipitator  and  Installing  a  precleaning  multi-cyclone;  this  repre¬ 
sented  a  savings  estimated  at  $2.2  million.  The  total  savings  estimated  to  be 
realized  from  the  application  of  the  bubble  concept  was  approximately  $5.9 
million  In  capital  costs  and  approximately  $SS,000  In  annual  operating  costs. 

Subsequently,  performance  testing  of  the  Main  Steam  and  Fewer  Plant  and  the 
Salvage  Fuel  Fired  holler  Indicated  new  problems;  It  was  concluded  that  the 
bubble  would  not  be  required  for  the  Main  Steam  Plant  In  order  to  achieve 
compliance.  Furthermore,  performance  of  the  new  multi-cyclones  and  upgraded 
precipitators  at  the  Salvage  Fuel  Fired  Boiler  was  far  less  satisfactory  than 
anticipated.  As  a  consequence,  a  now  bubble  will  have  to  be  developed. 

Even  though  difficulties  were  encountered  In  terms  of  equipment  performance,  a 
potential  cost  savings  was  demonstrated  through  the  use  of  the  bubble  concept 
rather  than  the  usual  "command  and  control"  air  quality  approach.  This  was 
not  done,  however,  without  the  generation  of  appropriate  amissions  data,  the 
carrying  out  of  performance  testing,  and  balancing  of  numerous  decisions 
associated  with  capital  equipment  acquisition  and  rehabilitation.  Finally, 
the  development  of  an  appropriate  regulatory  mechanism  greatly  facilitated  the 
application  of  the  bubble  concept  at  this  Installation. 

4.3  Tri-Service  Emissions  Tradlna  Project 

This  case  study  Is  quite  different  from  the  above  two  In  that  it  does  not 
Involve  a  specific  facility  to  which  Missions  trading  was  applied  or  Is  being 
tried.  Instead,  It  Involves  all  three  Services  of  the  U.S.  Department  of 
Defense  In  seeking  to  develop  Missions  trading  guidance  and  the  formation  of 
an  organizational  users  group. 

The  effort  was  first  funded  In  1979  by  the  U.S.  Navy,  Naval  Facilities  Engi¬ 
neering  Commend  (NAVFAC).  Nor*  was  centered  at  the  Naval  Surface  Weapons 
Center  In  Dahlgren,  Virginia.  Subsequently,  the  U.S.  Army  and  U.S.  Air  Force 
joined  with  NAVFAC  In  supporting  the  developMnt  of  this  trl -Service  Missions 
trading  project. 

Impetus  associated  with  the  Initiation  of  this  effort  Involved  several  fac¬ 
tors.  First,  many  military  facilities  cannot  be  readily  relocated  to  ether 
sites  which  might  afford  Mre  favorable  circumstances  for  the  control  of 
pollutants.  The  location  of  Mpy  military  facilities  Is  dictated  by  national 
defense  considerations.  With  this  In  mind,  there  was  the  need  to  Incorporate 
all  potential  factors  In  the  planning  of  military  Installations  for  outreach 
years;  this  Involved  pIsMlng  for  environmental  permits  and  the  choice  of 
equIpMnt.  Finally,  It  was  concluded  that  missions  trading  offered  a  poten¬ 
tial  source  of  coat  savings  compared  to  the  prevailing  command -control  air 
pollution  approach. 

Presently,  OOP  Is  assisting  In  the  development  of  an  Missions  trading  guid¬ 
ance  Miwal.  The  manual  will  provide  Instruction  and  guidance  to  this  alterna¬ 
tive  air  pollution  control  approach,  and  Is  Intended  for  use  principally  by 
facility  englnoers. 
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At  the  present  tine,  the  proposed  missions  trading  Manual  will  address  the 
following  Major  factors: 

o  Reasons  for  utilizing  missions  trading 

o  Processes  allowed  for  missions  trading  Including  preconstruction 
review  and  peratttlng,  and  creating  Enlsslon  Reductions  Credits  for 
future  use  and  planning 

o  Actual  and  hypothetical  exanples  of  DoO  missions  trades  (10-12 
exanples  covering  netting,  offsetting,  bubbles,  and  banking) 

o  Procedures  for  calculating  mission  Increases,  mission  reductions, 
and  Eolsslon  Reduction  Credits  (ERCs) 

o  Technical  Issues  and  Infonaatlon  concerning  key  agency  contacts, 
preconstruction  review.  Modeling,  fugitive  dust,  visibility,  and 
banking  procedures 

o  StMMMrlzatlon  of  state  and  local  regulations 

o  OocuMentatlon  and  use  of  missions  trades 

Hypothetical  exaMples  will  be  fornulated  In  terns  of  actual  potential  use, 
viz.,  thay  will  be  developed  with  real  Issues  In  Mind  while  not  being  ap¬ 
plicable  to  aigr  specific  facility.  These  exaMples  will  address  the  nature  of 
an  operation  at  a  facility  and  the  pollutants  generated,  the  calculation  of 
missions  and  options  for  control,  existing  uncontrolled  sources  of  this 
pollutant(s)  at  the  facility,  the  Identification  of  strategies  and  the  cal¬ 
culation  of  costs  for  each  strategy,  and  factors  associated  with  the  selection 
of  one  control  strategy  over  another. 

The  Manual  will  OMphasIze  achieving  caMplIance  at  the  Mlnlem  cost,  and  the 
coMparlson  of  central  options  In  toms  of  cost  and  benefits.  Appendices  will 
cover  the  history  of  missions  trading,  applicable  policy  stateMents,  Infor- 
Matlon  sources,  and  other  reference  Materials. 

The  missions  trading  mnual  Is  scheduled  for  coepletlon  In  the  sunmr  of 
1964.  Following  the  cmpletlon  of  the  mnual  but  prior  to  distribution,  a 
field  evaluation  will  be  perfonead  at  various  DoO  Installations.  Thereafter, 
a  revised  eel ss Ions  trading  mnual  will  be  Issued  as  guidance  to  the  three 
Services.  Him  the  missions  trading  mnual  Is  conpleted,  it  Is  planned  that 
a  Tri-Service  Users  Croup  will  be  forwed  to  coordinate  and  facilitate  trades 
anong  facilities  associated  with  the  respective  DoO  Services. 

This  effort  represents  an  laportant  step  In  developing  missions  tradtng 
applications  throughout  DoO.  On  the  one  hand.  It  represents  an  effort  to 
raise  awareness  about  alternative  approaches  to  air  quality  na segment  that 
hold  the  prowl ee  of  real  cost  savings.  Oh  the  other  hand.  It  also  provides 
guidance  on  the  way  te  carry  out  an  missions  trade. 
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Beyond  these  Immediate  program  development  end  Implementation  steps,,  the  Tri- 
Serv Ices  Emissions  Trading  Program  represents  an  Important  effort  in  areas 
whore  the  CM  has  been  only  marginally  swecessfel.  Specifically,  this  In¬ 
volves  the  incorporation  of  pollution  controls  Into  the  decision-making 
process  and  the  encouragement  of  technological  Innovation.  In  the  civilian 
sector,  business  dtcIslon-Mkers  have  frequently  been  reluctant  to  try  now 
technologies  for  controlling  pollutants,  particularly  since  It  any  be  rela¬ 
tively  unknown  If  these  technologies  would  lapede  the  mnufacturlng  or  pro¬ 
duction  process. 

DoO  Services  perform  planning  for  outreach  years,  via.,  up  to  seven  years  In 
the  future.  As  such.  It  can  be  deteralned  well  In  advance  when  envl ronaantal 
penults  will  be  required.  Ealsslons  trading  readily  fits  Into  this  advanced 
planning  process  by  Identifying  tangible  cost  savings  wong  eqelpaent  choice. 
With  this  advanced  knew lodge  of  control  equlpaent  needs.  Innovative  technol¬ 
ogies  can  be  developed  In  order  to  aaet  air  pollution  control  roqwlroaentt. 

It  can  be  seen,  therefore,  ealsslons  trading  not  only  fits  In  wall  with  DoO 
planning  and  the  meting  of  CM  requirements,  but  also  atght  load  to  the 
development  of  Innovative  control  technologies.  In  this  regard,  the  Tri- 
Services  Emissions  Trading  Project  may  provide  valuable  lessons  to  civilian 
Federal  agencies  and  the  private  sector. 

s.o  conclusions 

Based  upon  our  analysis  of  the  above  Installation-specific  case  studies,  we 
conclude  that  limited  application  has  been  achieved  By  DoO  Installations  In 
using  Emissions  Trading  as  an  alternative  to  the  "command -control"  approach. 
While  the  Norfolk  Shipyard  case  study  dmaonstrated  that  hypothetical  cost 
savings  were  possible,  these  have  yet  to  be  realized  because  of  the  occurrence 
of  equipment  performance  failures.  In  the  case  of  Lamoore  NAS,  no  definite 
conclusion  can  be  offered  with  regard  to  the  operation  of  the  Emissions  Trade 
by  virtue  of  the  fact  that  the  decision-making  process  has  yet  to  run  Its  full 
course. 

With  regard  to  both  Lamoore  NAS  and  the  Norfolk  Naval  Shipyard,  It  Is  quite 
clear  that  prolonged  and  extensive  negotiations  were  encountered  In  seeking  to 
complete  an  Emissions  Trade.  This  required  the  gathering  and  analysis  of 
data,  the  exploration  of  feasible  trade  candidates,  and  the  process  of  nego¬ 
tiation. 

Both  Lamoore  and  Norfolk  dmoonstrate,  however,  that  Emissions  Trading  Is 
facilitated.  In  the  first  Instance,  by  the  existence  of  a  rule  or  policy  that 
allows  greater  flexibility  In  meeting  permit  requirements  than  has  been  the 
case  under  the  "command -control”  approoch.  Beyond  this  Initial  Impetus,  we 
have  seen  that  participants  In  the  decision-making  process  oust  be  knowledge¬ 
able  In  the  possibilities  for  pollutant  control  offered  by  Emissions  Trading 
and  oust,  in  addition,  have  all  the  necessary  emissions  and  control  data 
available  In  order  to  realize  those  possibilities. 

Theta  factors  confirm  the  importance  of  the  current  Trl -Service  Moslems 
Trading  Project,  Through  the  review  of  the  guidance  manual  that  Is  presently 


being  developed,  personnel  at  DoD  Installations  can  become  sore  familiar  with 
the  technical  Issues  associated  with  successfully  completing  an  Emissions 
Trade.  The  guidance  manual  will  also  raise  the  awareness  of  personnel  con¬ 
cerning  feasible  alternatives  to  the  current  "command -control”  air  pollution 
approach  such  that  real  cost  savings  can  be  realized.  In  completing  this 
guidance  manual,  however,  it  Is  necessary  that  substantial  attention  be  paid 
to  the  differences  among  the  Services  both  with  regard  to  their  activities  and 
the  nature  of  their  respective  organizations;  If  this  Is  not  done,  then  the 
manual  will  only  be  of  general  Interest. 

The  Tri-Services  Emissions  Trading  Project  also  offers  a  unique  opportunity  In 
an  Important  area  where  achievement  has  eluded  civilian  agencies  up  to  this 
time,  viz.,  fostering  the  use  of  Innovative  technologies  for  the  control  of 
air  pollutants.  By  Incorporating  Emissions  Trading  Into  the  planning  process 
for  outreach  years,  pollution  control  Issues  can  be  Identified  well  In  advance 
of  the  filing  of  a  permit;  this  can  allow  for  the  consideration  of  new  control 
techniques  that  are  potentially  more  effective  and  efficient.  If  this  poten¬ 
tial  Is  fulfilled,  then  the  use  of  Emission  Trading  within  the  planning 
process  will  be  a  benefit  to  DoD  and  provide  a  constructive  example  to  civil¬ 
ian  agencies  and  the  private  sector. 

On  the  whole,  we  conclude  that  efforts  to  Incorporate  Emissions  Trading  Into 
the  DoD  planning  process  will  be  Important  as  the  future  development  of  this 
system  takes  place.  As  the  Lemoore  and  Norfolk  case  studies  Illustrate, 
however,  actual  successes  at  the  Installation  level  thus  far  have  been  limited 
for  various  reasons.  Iff th  this  In  mind,  we  suggest  that  Emissions  Trading  be 
approached  cautiously,  viz.,  on  a  case-by-case  basis,  until  the  Tri-Services 
Emissions  Trading  Project  has  been  ful ly  developed  and  tested. 
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It  Is  an  honor  for  Fort  McClellan  to  present  this  paper  to 
this  prestigious  group  dedicated  to  peace  and  security.  He  hope 
to  show  how  our  environaental  prograa  at  Fort  McClellan  is  not 
only  coapatlble  with  that  goal,  hut  an  adlunct  to  that  goal.  No 
believe  that  Fort  McClellan  is  syabollc  of  the  Aray's  environaen¬ 
tal  prograa. 

Located  adjacent  to  the  city  of  Anniston,  Alabaaa  and  In  the 
foothills  of  the  Appalachians,  Fort  McClellan  is  80  alias  Nest  of 
Atlanta,  Georgia  and  60  alias  East  of  Blralnghaa,  Alabaaa. 

The  terrain  of  Fort  McClellan  generally  is  aountalnous  rang¬ 
ing  froa  305  to  632  aeters  above  sea  level.  The  valley  in  which 
the  cantonaent  lies  Is  in  an  area  spotted  with  rolling  hills 
through  which  saall  creeks  run  through  the  year.  These  creeks 
are  fed  by  springs  flowing  froa  underlying  llaestone  strata. 
Scattered  throughout  the  area  are  natural  wetlands  that  provide  • 
spawning  grounds  and  habitats  for  fish  and  wildlife  as  well  as 
flood  control. 

The  cllaate.  area  and  character  of  Fort  McClellan  make  it 
one  of  the  aost  picturesque  training  sites  in  the  (Milted  States 
and  has  led  to  its  being  called  the  "military  Showpiece  of  the 
South." 

Fort  McClellan  Is  the  boas  of  two  aalor  Army  schools.  Our 
primary  mission  is  to  house  and  support  the  training  of  soldiers. 
This  includes  entry  level  and  advanced  training  for  soldiers  la 
nuclear,  biological  and  chemical  defense,  initial  entry  level  and 
professional  training  of  Military  Police  and  selected  personnel 
of  the  Navy,  Air  Force,  Marine  Corps  and  NATO.  The  secondary 
mission  of  Fort  McClellan  is  -the  training  of  the  OS  deny 
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Reserves,  national  Guard  and  Reserve  Officer's  Training  Corps 
units. | 

-«  i 

Pdrt  McClelland consists  of  three  aaln  bod las  of  Oovernaent- 
ovwed  laasad  land.  The  aaln  Installation  Is  7,570  hac taros. 
Pelham  bangs,  which  Is  usad  for  both  liva  flra  weapons  and 
maneuver  training.  Is  8,898  hectares,  and  the  laasad  Choceolocco 
Corridor, .which  provides  additional  training  areas.  Is  1,795  hec¬ 
tares.  m/  a  trustee  of  18,400  hectares  In  the  Appalachian 
foothills /rort  McClellan  goals  are  to  properly  manage  resources 
that  are  renewable  and  conserve  those  that  are  not.  HjNo-Vktr 

Further,  we  also^strive  to  reduce  the  environmental  insult 
that  is  so  common  when  man  manipulates  the  natural  environment  in 
pursuit  of  commonly  held  needs  and  values.  These  broad  goals 
have  been  developed  during  the  maturation  stage  of  our  environ¬ 
mental  program  and  have  been  finely  honed  Into  five  specific 
Objectives t 

^1.  To  provide  environmental  education  to  the  widest  of 
audiences  with  the  subject  matter  tailored  to  the  audience^ 

^2.  Prevent  material  from  entering  the  waste  stream.  Any¬ 
thing  entering  the  waste  strews  will  be  recycled  if  possible. 

^ 3.  Actively  seek  a  xero-dl scharge  installation  and  maintain 
surface  water  to  the  same  good  biological  quality  as  the  water 
entering  the  Installation. 

S>4.  Conserve  fossil  fuel  energy  to  the  highest  degree  possi¬ 
ble  to  reduce  the  degrading  effect  of  the  natural  environment. 
Further,  this  recognition  la  vital  to  a  mobile  Army  whose  readi¬ 
ness  Is  intensely  fossil  fuel  dependent. 

*5  5.  Preserve  that  historical  character  and  the  cultural 
resources  on  Fort  McClellan  lands^ 

To  summarise  the  basic  tenants  of  our  program,  environmental  ' 
education  Is  the  cornerstone  that  provides  support  to  all  our 
environmental  activities.  Through  this  educational  process,  we 
must  Impart  an  increased  awareness  of  the  relationship  of  our 
environment  to  our  own  welfare.  Through  an  intensely  managed  edu¬ 
cation  program  the  environmental  Office  has  a  direct  effect  on 
every  age  group  and  all  disciplines. 

An  Integral  part  of  this  program  is  an  outdoor  classroom  at 
ths  foot  elementary  School,  through  use  of  this  classroom, 
teachers  have  gained  an  increased  ability  and  confidence  to  teach 
environmental  systems .  fort  McClellan  has  set  aside  a  50  plus 
hectares  " environmental  Study  Area"  for  the  use  of  local  high 
school  ami  university  students.  This  study  area  is  ths  result  of 
sm  inter eerviee  support  aproemsmt  between  the  09  Army  and  lack- 
scnnila  Stats  University. 
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At  Fort  McClellan,  the  Envlronaental  Management  Office  is 
the  central  coordinator  for  National  Envlronaental  Poller  Act 
implementation  and  compliance.  The  Envlronaental  Management 
Office  aids  the  project  propone t  In  development  ox  necessary 
environmental  documentation.  For  the  past  five  years,  the 
Installation  has  been  accumulating  data  so  that  adequate  assess* 
ments  and  statements  can  be  prepared  In  a  timely  manner. 

It  Is  our  contention  that  NEPA  did  not  Intend  for  agencies 
to  develop  reams  of  paper  In  analysis  of  the  environment.  Me 
believe  the  Intention  of  NEPA  Is  to  quickly  get  to  the  point  of 
conflict  between  the  proposed  project  and  the  affected  environ¬ 
ment.  Therefore,  we  extensively  use  the  26  categorical  exclu¬ 
sions  developed  by  the  Department  of  the  Army.  The  US  Army 
Training  and  Doctrine  Command  Form  161-R  provides  a  quick,  con¬ 
cise  method  to  insure  consideration  of  the  affected  environment 
without  lengthy  paperwork. 

There  are  times  the  categorical  exclusions  do  not  fit  the 
project.  Using  a  multi-disciplined  approach.  Fort  McClellan 
coordinated  the  Envlronaental  Assessment  entitled,  "Proposal  To 
Construct  A  Chemical  Decontamination  Training  Facility".  Me 
invited  the  U.S.  Army  Chemical  School  to  discuss  the  concept  with 
the  Battelle  Memorial  Institute,  the  Alabama  Department  of 
Envlronaental  Management  Chiefs  of  Air,  Mater  and  Hazardous  Haste 
and  the  Jacksonville  State  University  Archaeologist.  Through 
this  meeting,  we  defined  the  Issues  Involved,  and  Battalle  began 
to  develop  a  design  concept.  With  the  concept  developed  and  the 
potential  environmental  impacts  identified,  we  published  our 
Environmental  Assessment  in  the  Federal  Register,  because  of 
potential  national  concern. 

The  Fort  McClellan  Public  Affairs  Office  arranged  TV,  radio 
and  newspaper  interviews  to  fully  discuss  the  project  locally. 
At  the  end  of  30  days,  we  held  a  meeting  at  Fort  McClellan  that 
included  the  Post  Staff,  the  Mobile  District  Corps  of  Engineers, 
Battelle,  EPA  Region  IV  Offices  of  Hater,  Air,  Federal  Facility 
Coordinator,  the  Alabama  Department  of  Environmental  Management 
Offices  of  Air,  Hazardous  Haste  and  Hater.  The  Calhoun  County, 
Health  Department,  and  the  City  of  Anniston.  There  was  a  candid 
exchange  of  viewer  everyone  agreed  It  was  a  proper  but  daring  way 
to  discuss  a  project. 

Through  this  process  a  dialogue  was  established  with  the 
community,  the  proponent  and  the  regulatory  agencies.  The  result 
of  this  effort  is  a  project  that  has  gone  through  90%  design  with 
no  public  objections  or  unfavorable  interagency  comment.  NEPA 
has  never  hampered  our  military  mission  nor  slowed  any  of  our 
projects. 

NEPA  means  good  planning,  and  this  is  where  conflict  resolu¬ 
tion  must  begin.  For  example,  it  is  obviously  an  expansive  bur¬ 
den  to  conduct  site-specific  archaeological  surveys  for  every 
project.  Our  solution  was  to  develop  a  model  that  could  predict 


32 


nrt> w* 


the  likelihood  ot  slgnlf leant  archaeological  data.  He  contracted 
with  the  Unlverelty  of.  Alabama  to  survey  30  random  grid  squares. 
From  this  survey  we  can  predict  what  may  be  found  on  the 
remainder  of  our  18.000  hectares.  For  those  sites  with  a  high 
probability  of  containing  significant  archaeological  data,  a 
specific  site  survey  will  be  conducted  by  the  Professor  of 
Archaeology  from  Jacksonville  State  University. 

The  problem  with  M£PA  is  thlsi  the  acquisition,  management 
and  analysis  of  environmental  data  at  Army  Facilities  Is  diffi¬ 
cult.  given  the  time  constraints  placed  on  the  analyst  and  the 
resources  available.  To  improve  the  data  base  and  efficiently 
manage  and  analyze  environmental  data  within  these  constraints. 
Fort  McClellan,  in  conjunction  with  the  US  Army  Construction 
Engineering  Research  tab,  has  purchased  a  microcomputer  system. 
This  system  has  many  environmental  management  tools  already 
incorporated  in  a  pilot  mode.  The  16  bit  microprocessor  will 
support  multi-terminal  use,  le..  Environmental  Coordinator,  Mas¬ 
ter  Planner,  Forester  and  Land  Manager.  The  data  has  been  loaded 
by  the  US  Army  Construction  Engineering  Research  Lab.  Some  of 
the  data  already  digitised  is  Geology,  Archaeology,  Soils  and 
Wetlands.  Through  the  efficient  use  of  technology,  the 
decision-maker  will  have  more  exact  data  upon  which  to  make  cru¬ 
cial  decisions,  affecting  our  environment  without  being  con¬ 
strained  by  labor-intensive  methods. 

Kith  18,400  hectares  and  17,000  Individuals  responding  to 
the  environment,  we  have  had  our  problems  and  will  continue  to 
have  problems.  The  handling  of  waste  motor  oil  presents  dispro¬ 
portionate  problems  to  both  operators  and  the  environment.  When 
spills  occur,  the  cumulative  effect  often  belles  Its  significance 
In  the  eyes  of  the  operator.  Additionally,  this  represents  an 
unusual  economic  burden  for  the  requirement  to  clean-up  the  small 
spill.  Without  due  recognition  and  appropriate  response,  the 
small  spill  can  become  the  nemesis  of  any  large  organisation. 

In  1982,  Fort  McClellan  awarded  a  contract  to  install  under-  • 
ground  waste  oil  storage  tanks  at  all  oil -using  facilities.  The 
underground  tanks  will  minimise  potential  spills.  The  storage 
tank  system  has  a  catch  basin  that  can  be  maneuvered  under  the 
crankcase  of  any  type  vehicle.  When  the  ell  Is  changed,  it  goes 
into  a  catch  basin  connected  to  underground  oil  storage  tanks, 
thus  precluding  the  probability  of  the  small  spill.  Quarterly 
testing  of  underground  tanks  Mil  reveal  leakage.  Yearly,  a  con¬ 
tract  will  be  let  to  sell  Mo  scemmilatod  Ml. 


series  of  studies  will  toe  used  by  Fort  McClellen  for  an  ongoing 
effort  to  protect  the  wetlands. 


The  Installation  sanitary  landfill  has  had  a  turbulent  his¬ 
tory.  In  1979.  the  Alabama  Department  of  Public  Health 
threatened  to  close  the  facility.  This  had  the  potential  of  dis¬ 
rupting  the  military  mission  of  the  installation.  Fort  McClellan 
contracted  with  the  Alabama  Geologic  Survey  to  assess  potential 
alternative  sites. 

Based  on  the  findings.  Fort  McClellan  requested  Army  pollu¬ 
tion  abatement  funds  to  relocate  the  landfill  to  an  environmen¬ 
tally  acceptable  site.  Coordination  was  accomplished  with  the 
Solid  Haste  Division  of  Alabama  Department  of  Public  Health  and 
preliminary  approval  was  granted  for  the  new  site.  Contractors 
drilled  test  wells  and  the  site  was  found  to  have  shallow  bedrock 
and  water.  Efforts  to  upgrade  the  existing  site  were  producing 
good  results,  but  Investigations  for  a  new  site  continued. 

In  1980,  The  State  of  Alabama  was  sufficiently  impressed 
with  the  corrections  at  the  existing  site  to  issue  an  operating 
permit.  That  same  year,  Alabama  Geological  Survey  located  an 
acceptable,  but  small  site  for  future  landfill  use.  Due  to  the 
acceptability  of  corrective  actions,  current  plans  are  to  con¬ 
tinue  use  of  the  existing  landfill  and  hold  the  new  site  identi¬ 
fied  by  Alabama  Geological  Survey  for  future  use.  In  retrospect, 
the  computer  discussed  earlier  could  expedite  the  search  for  an 
alternative  site. 

Fort  McClellan  is  currently  working  with  the  Corps  of 
Engineers  on  the  acceptability  of  a  solid  waste  incinerator.  If 
the  Incinerator  proves  to  be  effective,  the  project  will  greatly 
reduce  the  amount  of  refuse  entering  the  new  smaller  site,  while 
providing  an  energy  source  for  the  installation. 

The  generation  and  handling  of  haxardous  waste  Is  another 
problem.  If  haxardous  wastes  cannot  be  disposed  of  on  the 
installation,  then  an  environmentally  designed  haxardous  waste 
storage  facility  is  the  cornerstone  of  management.  Hlth  such  a 
facility,  haxardous  wastes  are  manageable. 

Fort  McClellan  has  constructed  one  haxardous  waste  storage 
facility  for  FCBs  and  a  second  building  Is  programmed  for  FT  84. 
However,  current  thought  within  the  defense  community  calls  for 
the  Defense  Logistics  Agency  to  build  a  haxardous  waste  storage 
facilities. 

In  June  1883  Fort  McClellan  sponsored  an  on-site  oil  and 
haxardous  material  handling  storage  and  spill  class  for  users, 
operators  and  managers.  The  education  of  these  groups  should 
reduce  the  spill  potential  throughout  the  installation. 

.  One  of  the  largest  potential  contributors  of  tome  chemicals 
into  the  environment  has  traditionally  boon  iron  Post  Control 
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Operations.  Implementation  or  an  intearated  pest  management  pro¬ 
gram  not  only  signit  icantiy  reduces  the  amount  ot  chemicals  used 
to  control  pests,  but  also  dramatically  increases  the  efficiency 
and  effectiveness  or  a  pest  management  program.  In  1901.  a  pro¬ 
fessional  Entomologist  wa3  assigned  to  the  Pest  Control  Section, 
Directorate  ot  Engineering  and  Housing.  He  was  the  first  proics- 
sional  Entomologist  employed  at  Fort  McClellan.  The  existing 
pest  management  program  was  then  expanded  to  include  t or ml 
inspections  01  dining  facilities.  service  clubs  and  other  food 
establishments  to  ascertain  pest  populations.  Pesticides  are  a 
short  term  treatment  lor  the  symptoms,  not  a  long  term  cure  for 
the  disease. 

Primary  emphasis  has  been  placed  on  increased  sanitation  and 
elimination  ot  harborages  through  structural  modification.  All 
wooden  storage  shelves  have  been  removed  from  dining  facilities 
and  replaced  with  movable  stainless  steel  shelves.  When  pesti¬ 
cides  aic  used,  appropriate  dosages  and  advanced  application  pro¬ 
cedures  reduce  environmental  moult. 

Tho  increased  emphasis  on  education,  better  sanitation, 
elimination  of  harboraqes  and  increased  training  for  Pest  Con¬ 
trollers  have  led  to  a  more  effective,  less  labor  and  spray- 
intensive  pest  management  program.  Personnel  who  handle  or 
dispense  pesticides  or  herbicides  are  trained  and  re-certified 
bl-annuaiiy . 

A  pesticide  waste  water  facility  was  procured  in  1982  as  a 
Research  and  Development  project  through  the  US  Arwy  Bio-Medical 
Research  and  Development  Laboratory  at  Fort  Dietrich,  Maryland. 
The  concept  is  to  recycle  pesticide  waste  water  through  carbon 
columns  and  use  that  water  as  a  diluent.  The  system  la  expected 
to  reduce  the  pesticide  residues  entering  the  storm  sewer  system. 

In  the  U.S.  alone,  soil  is  being  eroded  at  the  rate  of 
202.94  tons  per  second.  In  cooperation  with  the  US  Soil  Conser¬ 
vation  Service  and  using  the  universal  soil  loss  equation.  Fort 
McClellan  documented  the  average  loss  of  280  tons  of  soil  per 
year  on  unvegetated  slopes.  Steep  slopes,  easily  erodabie  soils. 
Intense  rainfall  and  other  natural  man-made  conditions  have  com¬ 
bined  to  cause  soil  erosion  problems  at  Fort  McClellan.  This 
represents  loss  of  training  lands  and  less  paramount  concern  to 
both  environmentalists  and  military  planners. 

In  1982,  the  Environmental  Management  Office  contracted  to 
have  37  critically  eroding  acres  hydroseedod.  Although 
hydroseoding  is  not  a  new  technology,  it  had  never  been  used  at 
Fort  McClellan.  The  cost  of  91,ooo  per  acre  also  included  exten¬ 
sive  reshaping. 

After  the  hydroseeding,  again  using  the  universal  soil  loss 
equation,  an  average  of  99.61%  reduction  of  erosion  had  boon 
realised.  These  startling  figures  prompt sd  an  investigation  of 
the  eoet -effectiveness  of  purchasing  a  hydroeeeder .  Our  coat 


comparisons  show  that  an  in-house  ability  to  hydroseed  will 
reduce  the  cost  by  50%.  The  amortization  of  the  hydroseeder  is 
2.76  months. 

Based  on  these  figures.  Fort  McClellan  submitted  a  request 
for  funding  for  a  hydroseeder  to  the  TRADOC  Quick  Return  On 
Investment  Program  Coordinator.  He  received  funding  in  July  19B3 
and  received  the  hydroseeder  in  August  1983.  He  have  forwarded 
our  QR1P  documentation  to  several  other  installations  and  hope 
they  will  be  as  successful  at  combating  erosion  as  we  feel  we 
have. 

There  are  many  environmental  problems  of  a  serious  nature 
that  we.  as  people  are  faced  with.  The  Department  of  Defense  is 
trustee  of  large  and  ecologically  diverse  public  lands.  He  must 
do  our  part  in  solving  the  environmental  problems  related  to  that 
trusteeship.  The  point  of  beginning  for  the  problem  solving  pro¬ 
cess  is  at  the  installation  level.  He  well  realize  the  earth  is 
a  planet  of  finite  resources  and  because  of  these  and  many  other 
equally  important  factors,  it  is  the  responsibility  of  not  only 
the  installation,  but  the  individual  as  well  that  we  attempt  to 
solve  these  problems. 
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ABSTRACT 

Environmental  and  energy  audita  conductad  for  the  Air  Force  Syatema 
Command,  Aeronautical  Syatema  Division  (ASD)  by  JRB  Associates  of  McLean, 
Virginia  resulted  in  substantial  envlronaental  benefits  and  identified 
opportunities  for  energy  and  material  conservation  and  recovery.  This  effort 
has  allowed  ASD  to  target  resources,  substantiate  funding  requests,  develop 
remedial  strategies  and  track  progress  of  environmental  and  energy 
sMnagement  activities.  This  paper  presents  a  review  of  the  study  completed 
for  ASD  in  October,  1983V 

INTRODUCTION  V 

The  concept  of  conducting  environmental  audits  to  assess  regulatory 
compliance  at  industrial  facilities  has  recently  been  receiving  attention  by 
both  government  and  Industry.  Audits  &ave  become  popular  in  direct  response 
to  the  array  of  envlronamntal  regulations  with  which  facilities  must  comply 
*  and  the  potential  for  fines  resulting  from  non-compliance  As  a  preventive 
omnagement  tool,  environmental  audits  help  to  eliminate  "surprises"  which 
are  costly,  can  damage  public  image,  and  hinder  facility  operations. 

The  Air  Force  Commend  (AFSC),  Aeronautical  Systems  Division  (ASD), 
recognising  the  benefits  of  envlronsantal  audits,  embarkad  on  an  audit 
program  for  its  fifteen  (13)  Coverneent  Owns d-Cont rector  Operated  (GOCO) 
industrial  faciltles.  The  principal  driving  forces  behind  ASD's  decision 
included: 

o  Environmental  regulations  applicable  to  COCO' * 

o  DOD  directives  which  require  assessment  of  compliance 

o  Public  relation  impacts  on  facility  operations 

o  Cost  and  liabilities  associated  with  environmental  damages 

The  A8D  audit  program  went  a  step  further  than  conventional  environ¬ 
mental  audits  directed  at  regulatory  compliance.  They  Included  an  investi¬ 
gation  of  opportunities  for  conserving,  reusing  or  recycling  material  and 
energy  resources  in  Industrial  plant  operations.  This  additional  component 
mas  directed  at  complying  with  internal  DOD  directives  and  reducing 
expenditures  for  energy  and  new  raw  materials. 
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o  Machining  and  ail ling 
o  Matal  aurfaca  finishing 
o  Painting  and  stripping 
o  Degreasing  and  cleaning 
o  Engine  fueling  and  testing 
o  Engine  overhaul 
o  General  facility  maintenance 

These  manufacturing  activities  Involve  operations  which  are  subject  to 
environmental  regulation  and/or  were  potential  sources  of  hasard  to  hwaan 
health  or  the  environment.  Common  environmental  management  activities  at 
the  fifteen  COCO’s,  and  regulations  which  cover  such  activities  consist 
primarily  of: 

o  Hazardous  waste  management  (RCRA,  CERCLA,  State  regulations) 

-  generation 

-  transportation 

-  storage  in  tanks,  containers,  piles,  and  surface  impoundments 

-  land  disposal 

-  incineration 

o  Air  emissions  (CAA,  state  regulations) 
o  Water  discharges  (CMA,  stste  regulations,  SPCC) 
o  PCS  use  and  disposal  (TSCA) 

o  Underground  fuel  storage  (SPCC,  state,  and  local  regulations) 
APPROACH 

In  preparation  for  the  reviews  of  the  Air  force  industrial  plants,  a 
methodology  was  developed  which  was  successfully  used  for  each  of  the 
fifteen  Industrial  reviews.  This  methodology  employed  six  basic  steps, 
graphically  displayed  In  figure  1-2,  and  sumsarlsed  below. 

Step  One;  Initial  Review  of  federal.  State  and  bocal  Lame  and  Regulations 

To  identify  regulatory  prograaw  applicable  to  each  plant  and  to 
determine  compliance  requirements,  the  Initial  review  began  with  an 
examinee  Ion  of  federal,  state,  and  local  lewe  and  regulations!  Air  Porce/De- 
partment  of  Defense  directives!  and  Executive  Orders.  The  result  of  this 
examination  of  regulations  and  directives  was  the  identification  of  basic 
information  needed  from  each  facility  durtqg  the  preliminary  daea  acquisi¬ 
tion  step  to  determine  its  eenpllsnce  with  regulations  or  directives.  It 
also  established  the  basis  for  cooperation  with  state  and  local  governments 
by  identifying  ait  reqwlraamate  at  those  levels. 


Step  Two:  Preliminary  Data  Acquisition 

Acquiring  basic  Information  in  advance  faml 1 iariaed  the  audit  teaai  with 
the  plant's  operations,  thus  enabling  proper  preparation  for  the  site  visit. 

This  proved  to  be  the  Most  cost-effective  way  to  plan  the  site  visit,  as  it 
helped  identify  which  areas  of  the  facility  and/or  its  operations  required 
visual  inspection,  and  where  data  gaps  existed.  As  a  result  of  the 
acquisition,  organisat lc.i,  and  analysis  of  this  it. ‘oraat  ion,  the  audit  tea* 
prepared  a  plant  profile  and  site  visit  plan  which  st.-.^rured  the  site  visit 
and  ensured  an  efficient,  cost-effective  on-site  review. 

Step  Three:  Develop  Facility  Profile  and  Site  Visit  Han 

A  facility  profile  and  plan  for  the  site  visit  were  developed  based  on 
the  inforsuition  gathered  during  the  preliminary  data  acquisition  step.  The 
facility  profile  Included  summaries  of  plant  operations,  regulations  which 
applied  to  these  activities,  potential  problem  areas,  particular  data  gaps 
of  areas  requiring  detailed  investigation,  listing  of  lste  personnel  to  be 
interviewed,  and  sups,  figures  and  descriptions  of  the  facility.  The  site 
visit  plan  served  as  a  guide  for  the  site  visit.  Together,  they  allowed  the 
team  to  structure  and  conduct  the  site  visit  in  an  efficient  and  expedient 
manner,  with  minimum  disruption  of  facility  activities. 

Step  Four:  Site  Vit.t  and  Data  Collection 

The  purpose  of  the  site  visit  was  to  survey  the  physical  elements  and 
processes  of  the  facility,  to  review  pertinent  records  and  files,  and  to 
conduct  personnel  interviews  with  key  staff  at  the  facility.  It  also 
allowed  members  of  the  team  to  Informally  observe  practices  of  the  facility, 
tdilch  provided  valuable  insights  into  day-to-day  plant  operations  and 
management.  The  compliance  profile  and  site  visit  plan  served  as  guides  for 
this  on-site  review. 

The  sequence  of  activities  conducted  during  the  site  visit  Included: 

1.  Introductory  briefing. 

2.  Personnel  interviews. 

3.  Record  reviews. 

4.  Facility  and  operations  surveys. 

3.  Exit  briefing. 

This  sequence  of  site  visit  activities  were  found  to  effectively 
collect  information  needed  to  evaluate  environmental  compliance  and 
potential  hasards  while  keeping  facility  personnel  informed  of  findings 
throughout  the  process. 
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Step  five  Data  Evaluation  and  Reporting 


A  report  was  prepared  for  each  industrial  plant  based  on  an  evaluation 
of  the  information  gathered  in  the  previous  steps.  These  reports  assess 
environmental  compliance,  additional  hasard  areas,  and  identify  energy  and 
resource  conservation  activities  and  opportunities.  They  also  serve  as  a 
planning  tool  for  ASO  and  plant  staff  to  provide  for  future  needs  in  these 
areas. 

RESULTS 

In  October  of  1983,  ASO  consisted  environmental  audits  for  its  fifteen 
COCO  facilities  and  had  an  opportunity  to  evaluate  the  results.  In  review, 
this  program  met  ASO's  primary  objectives  which  encompassed: 

o  Summary  of  facility  operations 

o  Assessment  of  environmental  compliance  and  potential  hasard  areas 
o  Recommendation  of  improved  environmental  management 
o  Identification  of  opportunities  for  material  and  energy  conserva¬ 
tion  and  recovery. 

As  a  result,  ASO  was  able  to  provide  an  assessment  and  operational  plan 
to  meet  the  Immmdlate  AF  requirements  Specified  in  AF  Directive  78-22,  which 
outlined  an  environmental  and  energy  program  directed  at  environmental 
compliance,  reduction  in  liabilities  and  conservation  of  resources. 

In  addition  to  this  immediate  benefit  of  their  audit  program,  ASD  hat 
realised  a  long  list  of  benefits  including: 

o  Improved  relations  with  regulatory  agencies 

o  Improved  public  relations 

o  Improved  compliance  with  applicable  environmental  regulations 
o  Better  understanding  of  facility  operations 

o  Opportunities  for  significant  cost  savings  through  energy  and 
materials  conservation. 

ASD  is  also  anticipating  experiencing  the  following  benefits  through 
continued  monitoring  of  their  program: 

o  Greater  protection  of  human  health  and  environment 
o  Reduced  environmental  liabilities 

o  Reduced  costs  for  clean-up  of  environmental  contamination 
o  Reduced  costs  for  energy  and  raw  materials 

All  of  these  benefits  of  ASD's  newly  developed  program  are  the  direct 
result  of  greeter  management  understanding  and  control  of  environmental  and 
energy  operations  at  the  fifteen  QOCO  facilities.  This  has  allowed  ASD  to 
implement  a  follow-up  program  which  has  as  its  core  the  ability  to: 


o  target  resource* 
o  substantiate  funding  requests 
o  plan  and  develop  remedial  strategies 
o  track  progress  of  activities. 

Thus,  the  success  of  ASD’s  environmental  and  energy  audit  program  has 
helped  to  begin  the  developawnt  of  an  environmental /energy  management 
program  which  is  based  on  two  major  tenets*. 

1.  Reduction  hasards  to  human  health  and  environment 

2.  Reduction  in  expenditures 

This  course  is  on*  being  developed  with  greater  frequency  across  the  country 
to  avoid  potential  backlashes  as  a  result  of  inadvertant  environmental  and 

energy  mismanagement. 
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By  Wayna  K.  Tut* 


At  you  aro  all  awara.'tha  Uni  tad  Statas  Envlronaantal  Protaction  Agtncy 
(EPA)  has  Issuad  ragulatlont  to  antura  tha  protaction  of  human  haalth  and 
tha  anvlronaant  through  tha  approprlata  aanagwunt  of  hazardous  wastas  undar 
Subtit la  C  of  tha  Rasourca  Consarvatlon  and  Racovary  Act  of  1976  (RCRA). 
Thoso  ragulatlont  raqulra  aost  facllltlas  that  traat,  stora  or  dlsposa  of 
hazardous  wasta  to  obtain  a  RCRA  paralt.  Tha  application  for  this  paralt 
consists  of  two  parts.  Part  A  and  Part  B.  Facllltlas  In  axlstanca  bafora 
Novaabar  i960  wara  raqulrad  to  subalt  tha  Part  A  application  by  Novaabar  19, 
1960.  Thasa  facllltlas  wara  grantad  "intarla  status"  undar  tha  ragulatlont, 
which  paralt*  thaa  to  contlnua  oparatlons  until  final  adalnl strati va  action 
Is  takan  on  thalr  paralt.  This  raqulra*  tha  subalttal  of  a  data Had  Part  B 
paralt  application.  Tha  paralt  application  aust  contain  sufflclant  Informa¬ 
tion  to  assura  EPA  that  tha  facility  daslgn,  oparatlon  and  propotad  closura 
and  post-closura  plans  will  satisfy  tha  appllcabla  paralttlng  standards.  r. 


Tha  Agancy  has  cal lad  and  bagun  to  ravlaw  savaral  hundrad  paralt  appttwj 
cations  In  racant  aonths.  Closa  axaal nation  of  how  that  procass  has  workad  sA 
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Hr.  Tusa  Is  tha  Olractor  of  tha  cerperata  offlca  of  Frad  C.  Hart  Assoclatas, 
Inc.  In  Haw  York  City,  1  oca  tad  at  S30  Fifth  Avanwa,  Now  York,  Now  York 
10036,  (212-040-3990). 
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to  date  hoc  provided  laportant  clues  with  respect  to  streaallnlng  the  re¬ 
ceipt  of  •  Part  B  parol t  for  any  facility  currently  praparlog  a  paralt  or 
expecting  to  b«  called.  Tht  purpose  of  this  presentation  Is  to  provide  a 
brltf  suMiary  of  tha  contants  of  a  Part  B  application,  to  Idantlfy  tha  aajor 
goals  which  should  ba  hald  by  tha  applicant  and  tha  paralt  writers  and  to 
provlda  soae  Insights  on  tha  lassons  laamad  so  far  In  tha  Part  B  procass. 

Raoul at Ions  and  Applicant's  Goals 

To  put  tha  following  cooMnts  In  contaxt.  It  Is  necessary  to  undarstand 
In  ganaral  what  tha  ragulators'  goals  ara  In  ravl awing  tha  paralt  applica¬ 
tion  and  In  preparing  and  Issuing  a  facility  paralt.  As  wall,  In  retro¬ 
spect,  It  Is  of  Interest  to  undarstand  tha  aost  appropriate  sat  of  goals 
which  should  ba  adopted  by  the  applicant  In  preparing  tha  paralt  application 
and  In  coapletlng  the  application  public  record.  For  tha  paralt  writer  or 
regulator,  tha  goals  ara  quite  clear: 

• 

9  To  assure  that  all  prescribed  Inforaatlon  Is  provided 

9  To  assess  whether  tha  site  will  release  hazardous  coapounds  In 
concentrations  that  alght  hara  huaan  health  or  the  anvlronaant  or 
irfilch  alght  violate  applicable  standards 

*  To  ascertain  apparent  level  of  coop 11 once  and  tha  overall  re¬ 
sources  dedicated  to  tha  RCRA  prograa  laplaaented  to  date  by  the 
applicant 

*  To  select  tha  aost  appropriate  sat  of  ganaral  and  specific  paralt 
conditions  required  baaed  upon  the  Inforaatlon  provided 

The  applicant's  goals  are  less  clear  and  can  be  aore  flexible.  In 
general,  however,  the  applicant  shoud  seek: 
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To  tubal t  oil  necessary  Inforaatloo 

To  demonstrate  compliance  with  oil  applicable  regulations 


To  provide  substantial  documentation  defining  tha  level  of  hazard- 
out  release*  that  alght  occur  and  the  relative  risks  associated 
with  those  releases 

To  leave  the  lap res si on  that  a  coaprehenslve  well  aanaged  prograa 
Is  and  has  been  In  place 

To  provide  the  data  In  a  highly  professional  and  well  organized 
foraat 

To  provide  an  adequate  level  of  detail  to  result  In  favorable 
decisions  by  CPA  permit  reviewers  In  those  areas  subject  to  "best 
engineering  judgeent" 

To  alnlalze  coop  11  once  costs  over  the  life  of  the  permit 

To  prepare  a  document  suitable  for  public  consunptlon  for  those 
portions  of  the  permit  not  covered  by  a  claia  of  confidentiality 


The  Potential  Complications  Associated  With  000  facilities 

Preparation  of  the  Part  8  application  for  a  000  facility  can  be  no  re 
complicated  and  tlae  consuming  than  a  similar  permit  application  for  a 
privately  ownedt- facility  for  a  number  of  reasons. 

First  ef  all,  000  facilities  tend  to  be  large  and  complex.  The  hazard¬ 
ous  waste  management  system  Itself  may  also  be  extensive  Mid  complicated. 
Consequently,  the  data  gathering  and  procedures  Implementation  tasks  may  be 
complicated.  This  may  held  true  even  at  Installations  having  only  rela¬ 
tively  simple  permitting  requirements,  such  as  an  Installation  having  stor¬ 
age  facilities  only,  since  the  entire  on- si to  waste  management  system  needs 
to  be  described  as  background 


material. 


A  second  film  Bay  relate  U  the  division  of  hazardous  waste  responsi¬ 
bilities  ot  the  Installation.  Different  octlvltloo  and  dlfforont  tenants 
rosult  In  differences  In  day-to-day  operations,  thus  coap  Heating  dots 
collodion  ond  tho  dovolopMnt  of  consistent  aanageaent  procoduros  to  which 
tlto  applicant  can  coaalt  to  In  tho  ponsft  application. 

Another  Issue  relates  to  obtaining  tlMly  support  up  through  the  chaln- 
of-coaawnd.  This  can  be  particularly  frustrating  If  the  Intent  of  the 
application  Is  not  well  understood  by  MnagoMnt  personnel  and  consequently, 
either  adequate  resources  are  not  Mde  available  or  decisions  on  key  Issues 
are  not  node  In  a  tlMly  eanner.  For  exaaple,  In  our  experience,  It  Is  not 
uncoaaon  to  find.  In  both  the  public  and  private  sectors.  In  the  data  col  lac* 
tlon  process  that  procedures  In  place  during  the  Interle  status  period  are 
not  likely  to  be  adequate  under  Fart  264  regulations.  This  requires  the 
definition  of  appropriate  procedures  and  the  description  of  these  procedures 
In  the  appropriate  segMnt  of  the  application,  all  of  which  cannot  be  expedi¬ 
tiously  coop  1* ted  If  tlMly  decisions  are  not  Mde. 

A  slallar  Issue  relates  to  the  budgeting  process.  Ideally,  when  any 
applicant  subalts  the  Fart  6  application,  there  should  be  no  outstanding 
areas  of  non-coepl lance.  If  during  the  course  of  preparation  of  the  appli¬ 
cation  ,  It  Is  date rained  that  specific  capital  expenditures  are  required,  It 
nay  be  difficult  to  coaplete  the  design,  budgeting  and  construction  process 
with  the  generally  Halted  tlM  available  to  coaplete  the  Fart  B  applica¬ 
tion. 
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A  last  Issue  relates  to  th#  typo*  of  activities  that  coaaonly  occur  at 
000  facilities.  It  1*  gontrally  qulta  claar  that  EPA's  regulations  wara  not 
written  with  000  typa  Inctal lotions  In  Bind.  Thar*  ara  a  varlaty  of  rea- 
sonably  coaaon  oparatlons  that  occur  at  000  Installations  which  ar*  not  or 
ar*  only  partially  covarad  by  th*  EPA  regulations.  Typical  exaaples  Include 
popping  furnaces  and  open  burning. 


Contents  of  a  Part  0  Application 


A  typical  Part  B  application  would  Include  th*  following: 


A.  Part  A  Application 

B.  Facility  Description 

C.  Haste  Characteristics 

0.  Process  Inforaatlon 

E.  Monitoring  Systaas 

F.  Procedures  to  Prevent  Hazards 

G.  Contingency  Plan 

H.  Personnel  Training 

I.  Closure  Plans,  Post-Closure  Plans,  Financial  Requlreaents 

J.  Other  Federal  Laws 


Other  sections  that  Bight  be  Included  are: 


% 


K.  Evaluation  of  Potential  Ealsslons 

L.  Suggested  Poralt  Conditions 

M.  Ce^llance  Checklist 


lessons  learned 


In  that  contaxt  on*  can  begin  to  Identify  so**  of  th*  key  lessons  that 
hav*  b**n  learned  to  date  by  the  Involved  parties.  Perhaps  th*  first  of 
these  relates  to  how  on*  gets  called  for  a  Part  B  p*r*1t  In  the  first  place. 
Broadly  speaking,  EPA  (and  th*  states)  have  been  calling  "major  facilities." 
While  the  procedures  vary  on  a  state* to- state  and  region* to* region  basis,  a 
potential  aajor  facility  Is  any  facility  that  Is  large,  Is  a  land  disposal 
or  Incinerator  facility,  Is  significantly  out  of  compliance  with  the  Interl* 
status  requlreaents.  Is  a  facility  that  poses  a  high  risk  to  human  health  or 
th*  environment  and/or  Is  highly  visible. 

A  second  lesson  Is  that  the  RCRA  permit  Is  the  cornerstone  of  the 
entire  regulatory  system.  At  this  point  In  time,  th*  regulatory  agency 
completes,  often  for  the  first  time,  a  full  evaluation  of  whether  th*  facil¬ 
ity  Is  In  compliance  with  the  Interim  status  regulations.  Additionally,  the 
permit  will  require  designs  and  operating  procedures  which  are  consistent 
with  the  applicable  regulations  for  the  full  ten  year  permit  period. 

Consequently,  the  level  of  detail  required  In  th*  permit  application 
typically  exceeds  by  far  that  which  has  been  requested  under  many  water, 
wastewater  and  air  permit  programs.  The  technical  requirements  are  more 
complex  and  detailed  and  as  a  result  th*  permit  application  Itself  tends  to 
be  lengthy,  ranging  from  100  to  S00  pages  In  length. 

As  a  result,  the  permit  application  tends  to  be  costly.  Typical  costs 
te  an  applicant  Include  not  only  atfalnl strati ve,  technical  and  legal  costs 
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but  also  capita)  costs  for  facility  Improvements  and  incraasad  oparating 
costs  to  aaintain  compliance.  Tha  parait  application  aay  also  require  vary 
datallad  tachnical  analysts,  such  as  tast  burns,  groundwater  modeling, 
axhaustiva  chemical  analysts,  ate. 

Tha  coaplaxity  of  tha  Part  B  process  and  tha  applicable  regulations 
inevitably  leads  to  uncertainties.  Part  B's  are  new  to  aany,  Including  soae 
of  the  parait  writers.  Tha  interrelationship  between  the  states  and  EPA 
can  be  confusing,  state  level  RCRA  regulations  typically  differ  In  coverage, 
standards  and  procedures  even  If  the  prograa  has  been  deeaed  "equivalent  and 
consistent."  The  tiae  fraae  over  which  the  application  is  prepared  and 
reviewed  also  creates  inherent  uncertainties  since  the  regulations  have  been 
in  a  state  of  constant  change.  As  wall,  there  are  often  technical  gaps  In 
the  personnel  available  to  permit  writers  on  specific  aspects  of  individual 
permits. 

One  of  the  major  uncertainties  among  applicants  seams  to  relate  to 
whether  a  Part  B  Is  really  needed  at  any  one  facility,  or  what  hazardous 
waste  units  need  to  be  covered  in  a  facility-wide  Part  B  application. 
Typical  examples  include  wastewater  treatment  facilities,  recycling/ recovery 
facilities  and  storage  facilities. 

Once  one  Is  quite  confident  that  a  particular  facility  needs  a  Part  6 
application,  one  lesson  learned  Is  not  to  assume  that  the  facility  meets  all 
Interim  status  requirements  since  the  facility  may  have  undergone  a  state  or 
federal  Inspection.  This  tends  to  be  a  major  problem  for  two  reasons.  The 
first  Is  that  many  of  the  pro- Part  B  inspections  have  been  surficlal  inspec¬ 
tions  only,  i.e.  does  a  facility  have  a  contingency  plan  rather  then  does 
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that  contingency  plan  Mat  the  Part  264  raquIrtMnts.  As  a  consequence ,  at 
a  great  number  of  facilities,  the  existing  Interla  status  compliance  plans 
(Inspection,  contingency,  training,  closure,  etc.)  are  often  Inadequately 
detailed  for  the  purposes  of  the  Part  B  application. 

The  second  reason  relates  to  the  adequacy  of  the  existing  facility  to 
Met  the  design  and  performance  standards  of  the  Interim  status  and  Part  264 
regulations.  As  a  consequence,  capital  expenditures  and/or  operational 
changes  My  be  required  to  bring  the  facility  Into  compliance  before  the 
application  Is  submitted.  Assuming  that  this  Is  technically  possible,  the 
applicant  presents  a  much  stronger  case  to  the  regulators  and  to  the  public 
relating  to  Its  attempts  to  mMt  the  Mndates  of  the  law.  Typical  examples 
might  relate  to  Incompatible  waste  storage  areas  In  container  storage  facl* 
lltles,  lack  of  eMrgency  response  equIpMnt,  Inadequate  groundwater  moni¬ 
toring  facilities,  etc. 

Once  the  applicant  understands  the  facility’s  relative  state  of  regu¬ 
latory  compliance,  an  additional  lesson  learned  relates  to  taking  full 
advantage  of  EPA’s  help  and  how  best  to  obtain  that  assistance.  The  appli¬ 
cant  has  a  wide  variety  of  choices  Including  obtaining  access  to  the  nuaer- 
ous  relevant  technical  resource  docuMnts,  utilizing  the  RCRA/Superfund  Hot¬ 
line  (800-424-9346),  developing  a  one-to-one  relationship  with  the  assigned 
permit  writer  and  taking  advantage  of  pre-application  mMtlngs  and  EPA, 
state  and  contractor  sponsored  training  sessions.  Additional  useful  ap¬ 
proaches  Include  having  the  permit  writer  visit  the  site  early  In  the  six 
month  tlM  frame,  having  the  permit  writer  review  available  Interim  status 
docuMnts  and  draft  sections  of  the  Part  6  permit  application. 
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One*  the  applicant  understands  tha  relative  complexity  of  the  job  at 
hand  and  the  degree  of  assistance  he  can  obtain  from  the  permit  writer,  the 
applicant  must  develop  a  strategy  and  schedule  to  assure  that  the  permit 
application  will  be  In  on  time.  EPA  has  the  authority  to  revoke  a  facil¬ 
ity's  status  If  the  application  Is  not  received  on  time  and/or  to  Invoke 
financial  penalties.  As  well,  the  applicant  needs  to  be  doing  everything 
.within  reason  to  maintain  credibility  with  the  regulatory  agency. 

While  preparing  the  application  It  would  also  be  a  mistake  to  take  a 
short-term  view  for  a  number  of  reasons.  One  of  these  relates  to  the  cur¬ 
rent  definition  of  a  minor  permit  modification.  At  this  time  most  modifi¬ 
cations  to  the  Part  B  permit  are  classified  as  major  and  at  a  minimum  would 
require  a  public  hearing.  As  a  result,  where  possible  all  permits  should 
Identify  and  Incorporate  expected  changes. 

It  Is  particularly  Important  as  well  to  recognize  that  once  Issued,  the 

-permit  will  control  the  effective  costs  of  operating  the  hazardous  facility 

•  •* 

covered  by  that  permit.  A  high  quality  permit  application  would  demonstrate 
to  the  agency  permit  writer  the  applicant's  commitment  to  regulatory  compli¬ 
ance  and  an  argument  could  be  made  that  the  resulting  permit  conditions 
would  be  less  stringent  (and  costly)  than  those  proposed  for  an  acceptable 
but  less  well  managed  (and  riskier)  TSO. 

The  last  point  brings  to  mind  another  lesson  learned  to  date.  The 
permit  writer  Is  human,  with  all  the  strengths  and  weaknesses  representative 
of  that  race.  Regardless  of  the  need  for  consistent  federal  and  state 
regulations  and  permit  conditions,  It  Is  the  permit  writer  that  the 
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applicant  oust  first  satisfy.  On  that  basis,  It  behooves  tha  applicant  to 
Identify  early- on  In  the  process  what  specific  details  the  peralt  writer 
wants  to  see,  In  what  foreat  tha  data  should  be  presented,  and  how  flexible 
the  assigned  peralt  writer  will  be  to  utilizing  existing  textual  Materials, 
Interpreting  the  specific  portions  of  the  regulations,  etc. 

This  brings  up  another  valuable  point:  the  applicant  should  take 
advantage  of  opportunities  for  variances  or  alternative  regulatory  Inter¬ 
pretations  where  they  alght  logically  apply  to  the  specifics  of  any  one 
site.  The  regions  and  aost  of  the  states  appear  to  have  considerable  flexi¬ 
bility  In  how  stringent  their  Interpretation  of  the  specific  requlreaents 
aay  be. 

Conversely,  during  the  process  It  Is  also  Important  to  Monitor  the 
peralt  writer  for  procedural  correctness.  Since  the  peralt  writer  Is  huaan 
he  can  aake  Mistakes,  and  In  soon  Instances  It  nay  be  advantageous  to  the 
applicant  to  deaonstrate  his  or  her  detailed  understanding  of  the  regula¬ 
tions  by  pointing  out  a  aore  precise  Interpretation  of  these  regulations. 

Once  the  application  Is  coop la ted,  there  are  a  nuaber  of  additional 
lessons  learned  which  can  aake  the  whole  process  less  painful  to  the  appli¬ 
cant.  These  Include,  for  exaaple,  not  forgetting  to  clala  confidentiality 
If  appropriate  on  the  actual  subalsslon.  Another  relates  to  not  Inforalng 
EPA  of  any  new  Inforaatlon  or  clrcuastances  that  occur  while  the  process  Is 
on-going.  Again,  this  relates  prlaarlly  to  aalntalnlng  credibility  with  the 
regulatory  agency  and  the  general  public. 
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It  Is  also  laportant  to  assure  that  tho  peralt  application  alone  dots 
not  constltuto  tho  antlro  rocord.  Where  posslbla  all  coaaunl cations  should 
bo  substantiated  In  writing. 


This  bocoaos  crucial  when  ono  recognizes  that  receipt  of  a  Part  6 
peralt  requires  participation  at  a  public  hearing  where  all  of  your  "hazard¬ 
ous"  operations  will  be  exposed  to  public  scrutiny.  In  preparing  the  appli¬ 
cation  and  the  record,  It  Is  crucial  to  present  all  the  data  In  a  forest 
understandable  to  a  layaan.  The  public  too  aust  be  satisfied  and  your 
arguaants,  your  assessaents  of  risks  and  your  conclusions  aust  be  acceptable 
to  the  coaaunlty. 

It  Is  also  laportant  to  note  that  the  public  hearing  and  the  subsequent 
regulatory  decisions  do  not  constitute  a  final  decision  If  the  peralt  appli¬ 
cation  Is  denied  or  Is  extraordinarily  rigorous.  An  applicant  has  the  right 
to  appeal  based  upon  the  reasonableness  of  the  decision  as  It  relates  to 
what  data  Is  contained  In  the  application  record. 

hSSSDL 


±  The  Part  B  process  Is  coaplex,  uncertain  and  Inherently  subjective. 
While  the  level  of  uncertainties  Is  decreasing,  the  applicant  can  alnlalze 
the  uncertainties  by  aggressively  aanaglng  the  process.  The  applicant  aust 
plan  Ms  strategy,  pay  particular  attention  to  details  and  follow  through 
dally  If  necessary.  The  long- to  ns  cost  savings  alone  should  justify  the  In¬ 
creased  attention  given  to  aanagaaant  of  the  Part  •  application  process. 
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ASSESSMENT  OF  ENVIRONMENTAL  COSTS 
AT 

ORDNANCE  ACTIVITIES 


Introduction 

ron— ntal  protection  programs,  necessitated  by  govern— ntal 
regulations,  require  — nhours  and  — te rials  to  adMlnlster.  This  costs 
—nay.  The  purpose  of  this  study  ms  to  determine  the  —gnltude  of 
expenses  associated  with  the  progra—  — ndated  In  the  Navy's 
Environmental  and  Natural  Resources  Protection  Manual;  OPNAVINST  5090.1 
of  26  May  1903. 

T 

Background 

In  the  past.  Naval  Sea  Syste—  Co— and  has  experienced  difficulty 
In  Identifying  expenditures  specifically  Incurred  for  lapla— ntatlon  of 
environ— ntal  regulations.  This  probl—  Is  due  to  the  fact  that  support 
for  environ— ntal  services  has  lay  hidden  In  other  operating  functions. 

As  a  result,  an  effort  ms  directed  to— rd  establishing  a  budget  li¬ 
lt—  to  satisfy  this  require— nt. 

Approach 

To  establish  a  budget  11—  Item,  the  —gnltude  of  the  expenses 
necessitating  funding  required  Investigation.  The  approach  selected  to 
conduct  this  Investigation  Involved  estl— ting  the  cost  to  a  typical 
govern— nt  facility  of  c—plylng  with  the  Navy's  Environ— ntal  and 
Natural  Resources  Protection  Manual  (OPNAVINST  5090.1  of  26  May  1963). 
This  manual  encompasses  all  Navy  environmental  progra—. 

The  Nayy's  Ordnance  Environ— ntal  Support  Office  (OESO),  a 
specialty  office  working  closely  with  t—  ordnance  con unity  on 
environ— ntal  matters,  ms  selected  to  conduct  this  study  owing  to  Its 
familiarity  and  expertise  with  ordnance  and  Industrial -type  activities 
and  their  associated  environ— ntal  progra— . 

The  Naval  Ordnance  Station  (NAVOROSTA),  Indian  Head,  Maryland  ms 
chosen  as  a  typical  facility  owing  to  Its  wide  range  of  DoO  Industrial 
operations  affected  by  the  environmental  progra— .  NAVOROSTA  Is  a  medium 
sized,  light  manufacturing  activity  with  a  civilian  employment  of 
approximately  1,600  people.  Most  of  the  workload  consists  of  propellant 
— — factoring ,  rocket  —ter  assembly  and  engineering  development  for 
various  weapon  syste—  used  by  the  Navy. 


Methodology 

Th*  OPNAV  Instruction  5090. 1  ms  evaluated  by  assigning  individual 
chaptors  to  OESO  personnel  with  associated  expertise.  A  literature 
search  ms  perforMd  for  docuMntation  governing  the  environmental  lupect 
of  OoO  operations.  This  documentation  ms  gathered  from  the  following: 

1)  Presidential  Executive  Orders 

2)  Congressional  Legislation 

3)  Federal  Agency  Regulations 

4)  DoD  Policy 

5)  Navy  ComMnd  Requirements 

6)  Systems  Command  Implementing  instructions 

The  products  of  this  literature  search  Mre  directive  chains 
applicable  to  the  Individual  chapters  of  the  manual.  As  an  example. 
Chapter  6  generated  the  following  directions  as  a  result  of  the  Clean  Air 
Act. 

In  order  to  support  a  budget  line  item  for  an  activity  level 
environmental  program.  It  ms  necessary  to  demonstrate  the  cost  to  an 
activity  of  implementing  the  directive  chain.  Eleven  elements  Mre 

Kre-established  and  used  for  Indian  Head  budgetary  application.  Many 
AVSEA  activities  share  these  common  elements.  Levels  of  compliance  Mre 
established  and  initially  applied  to  the  manual  on  a  chapter  fay  chapter 
basis.  At  the  same  time  m  carefully  considered  the  various  waste 
generating  operations  at  Indian  Head.  Functional  operations  Mre  defined 
based  on  our  familiarity  of  Navy  organization  and  program  Implementation 
at  the  activity  level.  Specifically,  areas  of  environmental  Impact 
and/or  responsibility  Mre  determined  at  the  Station.  Responsible 
personnel  in  these  areas  Mre  contacted  by  members  of  OESO  to  determine 
the  tasks  required  to  comply  with  the  directive  chain.  In  addition,  FY83 
forecasted  budgets  versus  actual  expenditures  Mre  discussed.  Elements 
applicable  to  the  environmental  program  Mre  added  or  deleted  and  the 
cost  estimated  at  this  time. 

The  sums  of  the  Individual  chapters  Mre  calculated  and  totaled. 
This  total  represents  the  cost  of  the  Naval  Ordnance  Station 
Environmental  Program  for  fiscal  year  83. 


Flndlnas 

The  following  are  our  findings  based  on  a  chapter  by  chapter 
analysis  of  the  manual. 

Chapters  1  8  2  discuss  the  overall  responsibility  of  the  Commending 
Officer  of  a  Naval  facility  which  Infers  a  "special  staff*  for  an 
environmental  coordinator  to  administer  the  overall  environmental  program 
for  the  activity*  for  the  purpose  of  this  report,  the  administrative 
costs  have  been  deferred  and  Included  as  an  aMlnistratlve  line  Item  In 
the  various  environmental  program  areas.  The  atrinlstretive  costs 
encompass  both  managerial  and  technical  functions  as  Mil  at  clerical 


Chapter  3  discusses  the  requirements  of  the  Naval  Environmental 
Protection  Support  Services  (NEPSS).  NEPSS,  as  its  title  implies,  is  a 
Navy  support  organization  employed  by  contract  when  needed  by  Individual 
activities.  NEPSS  support  therefore  is  not  an  annual  activity  budget 
line  Item;  rather  It  is  funded  on  a  task  basis.  During  FY83,  NAVOROSTA 
Indian  Head  tasked  NEPSS  to  certify  the  performance  of  installed  air 
pollution  equipment  at  a  one  time  charge  of  $6SK. 

Chapter  4  addresses  the  requirement  placed  upon  activities  by  the 
National  Environmental  Policy  Act  (NEPA)  which  mandates  the  preparation 
of  Environmental  Impact  Statements  (EIS).  Internal  Navy  requirements 
Include  Environmental  Assessments  (EA)  and  Preliminary  Environmental 
Assessments  (PEA).  NAVOROSTA  Indian  Head  prepares  PEAs/EAs  prior  to 
pilot  scale  manufacture  of  specialty  chemicals.  These  environmental 
assessments  collect  and  consider  toxicological  and  other  hazardous 
properties  to  Insure  that  the  manufacturing  effort  will  be  In  compliance 
with  environmental  regulations.  The  FY83  cost  to  Indian  Head  for 
preparation  of  PEA/EAs  was  $5K. 

Chapter  S  addresses  Hater  Pollution  Abatement  Ashore  which  Includes 
those  measures  necessary  to  prevent  and  control  surface  and  groundwater 
pollution  from  wastewater,  dredge  and  fill  operations  and  surface  runoff 
from  Naval  Shore  Activities.  The  FY83  water  pollution  budget  for 
NAVONOSTA,  Indian  Head  totaled  1314,100.  This  total  included  costs 
associated  with  the  operation  of  sewage  treatment  plants.  Specific  line 
items  Include  the  cost  of  administration,  sampling,  analysis,  reporting, 
operations,  maintenance,  supervision  and  training. 

Chapter  6  delineates  the  requirements  Initially  mandated  by  the 
Clean  Air  Act  and  promulgated  through  state  and  regional  programs. 
Individual  Navy  requirements  relative  to  air  omissions  are  also 
addressed.  Due  to  the  lack  of  the  requirement  for  an  air  omissions 
permit,  the  air  pollution  program  budget  for  NAVOMSTA  Indian  Head  Is 
relatively  low.  During  FY83,  NAVOROSTA  Indian  Head  air  pollution  costs 
Included  administration,  ambient  air  monitoring,  power  house  stack 
monitoring,  and  a  one  tine  cost  of  monitoring  ordnance  open  burning 
operations.  The  cumulative  cost  of  this  effort  was  $27,200. 

This  chapter  Identifies  those  cost  elements  Incurred  in  the  day  to 
day  operations  of  an  activity  waste  disposal  program.  Rased  on 
regulations  promulgated  under  the  Resource  Conservation  and  Recovery  Act 
(RCRA),  Naval  activities  are  required  to  establish  a  resource  recovery 
program  whenever  possible.  Chanter  7  deals  exclusively  with 
non  haiardaui  waste.  At  Naval  Ordnance  Station  Indian  Mead, 
non  hazardous  solid  waste  Is  transported  off-station  for  disposal.  The 
cumulative  cost  for  this  effort  Is  $256,(94.  The  major  portion  of  this 
total  Is  allocated  to  transportation  costs.  This  transportation  line 
Item  Includes  contract  hauling  and  disposal. 
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Chapter  8  talks  to  noise  pollution.  Activities  are  required  to 
confons  to  federal  regulations  established  by  the  Environmental 
Protection  Agency,  and  state  and  local  lews  prescribing  maximum 
permissible  noise  levels  across  property  lines.  Explosive  ordnance 
disposal  operations  and  rocket  motor  testing  are  local  Issues  of  concern 
at  Indian  Head  and  possible  public  reaction  Is  a  constant  consideration 
of  Station  management  during  these  operations.  As  a  result  of  these 
cooperative  concerns  for  the  community,  there  are  currently  no  local  laws 
or  ordinances  that  Inhibit  operations.  For  this  reason,  no  budgetary 
line  Item  Is  required. 

The  next  chapter  outlines  the  applicable  pollution  prevention  and 
abatement  regulations  for  mixing,  storage,  and  disposal  of  pesticides  at 
Naval  shore  facilities  as  required  by  the  Federal  Insecticide,  Fungicide 
and  Rodentlclde  Act  (FIFRA).  The  Naval  Ordnance  Station  maintains  an 
open-end  contract  for  most  pest  control  work.  The  Station's  contingency 
plans  provide  for  personnel,  facilities,  and  equipment  to  be  used  for  a 
pesticide  spill  on  the  activity  grounds.  The  contract  cost  was  $30,000 
for  fiscal  year  1983.  Spill  control  of  pesticides  Is  budgeted  under  the 
elements  of  Chapter  13.  Neste  water  discharge  of  pesticides  Is  covered 
under  the  National  Pollution  Discharge  Elimination  System  (NPOES) 
addressed  In  Chapter  S  and  disposal  of  hazardous  pesticide  waste  Is 
Included  In  the  cost  elements  of  Chapter  11. 

There  are  two  chapters  that  deal  with  the  Oil  Spill  Control 
Progrw.  Chapter  10  accounts  for  the  routine  day-to-day  costs  associated 
with  oil;  such  as  annual  maintenance,  transportation  and  routine  disposal 
of  petroleum  products.  The  cumulative  cost  of  this  effort  was  $28,500. 

Chapter  11  Identifies  the  responsl bill ties  and  requirements  that 
are  applicable  to  the  control  of  pollution  from  the  use  of  hazardous 
materials  and  hazardous  substances.  Including  hazardous  waste.  As  one 
would  expect,  the  cost  of  the  hazardous  materials  program  Is  a  major 
expense  of  the  environmental  program  budget  for  any  Naval  Industrial 
facility.  Contingency  planning  for  spills  of  hazardous  materials  or 
waste  Is  addressed  In  Chapter  13.  NAVOROSTA  Indian  Head  has  $228,880 
budgeted  to  accomplish  the  environmental  management  of  hazardous 
materials  and  hazardous  waste.  At  Indian  Head,  the  major  portion  of 
these  funds  Is  expended  on  Incineration  of  hazardous  waste  In  compliance 
with  the  exemption  for  open  burning  provided  by  the  Resource  Conservation 
and  Recovery  Act.  It  Is  estimated  that  the  cost  of  transportation  and 
Incineration  Is  $13U  per  barrel  of  waste.  High  disposal  cost  may  bo 
attributed  to  the  sensitivity  of  the  materials  associated  with  ordnance 
and  the  accompanying  special  handling  requirements  of  explosives  and 
propellants. 

NAVOROSTA  Indian  Head  Is  a  shore  facility  and  does  not  support  a 
pier  or  ships.  Those  activities  which  do  provide  this  support,  will 
reflect  additional  costs  for  the  budget  line  Items  expended  for  Chapter 
12,  Foliation  Atatomant  Afloat. 


The  elements  of  Chapter  13  are  concerned  with  contingency  plant  to 
control  spills  of  oil  and  hazardous  instances.  Naval  Ordnance  Station. 
Indian  Head  did  not  have  an  oil  spill  In  fiscal  year  83.  The  Station 
uses  over  2000  different  chemicals  and  hazardous  substances,  and  the 
associated  clean-up  and  administrative  costs  of  these  Materials  totaled 
$89,700. 


In  general,  regulations  prohibit  transporting  Material  froM  shore 
for  deep  water  disposal.  Some  exceptions  are  allotted  and  permits  are 
Issued  on  a  case- by -case  basis.  Weapons  and  Conbat  Systems  Directorate 
field  activities  do  not  have  any  known  penalts  even  though  there  Is 
occasional  ocean  disposal  of  dredged  Material.  This  chapter  Includes  the 
costs  of  "burial  at  sea”. 

Chapter  IS  addresses  the  requirement  for  each  Naval  activity  having 
significant  land  area,  or  with  natural  resources  Management  problems,  to 
prepare  a  comprehensive  natural  resource  management  plan.  This  plan  must 
Include  soil  and  water  management,  fish  and  wildlife  and  outdoor 
recreational  planning.  Natural  resource  management  plans  should  also 
consider  endangered  species,  wetlands  and  natural  cultural  and  historic 
areas.  In  fiscal  year  83,  N*va1  Ordnance  Station  Indian  Head  Invested 
$69,446  In  accomplishing  various  eleMents  of  this  natural  resource 
management  objective.  Much  of  the  forest  management  expenses  were 
off-set  by  the  proceeds  from  the  sale  of  forest  products. 

Chapter  16  Identifies  optimum  levels  of  quality  and  use  of 
industrial  and  drinking  water.  The  Station  spent  $488,000  on  this 
endeavor  in  fiscal  year  83.  The  cost  of  industrial  operations  and 
production  of  steam  contributes  to  this  relatively  high  figure. 

As  an  Incentive  for  activities,  and  to  Increase  the  effectiveness 
of  the  Navy's  Environmental  Program,  the  Secretary  of  the  Navy  has 
established  the  Navy  Environmental  Protection  Annual  Awards  Program. 
Chapter  17  outlines  submission  requirements  for  this  award  and  delineates 
the  award  activity  selection  criteria.  Funding  is  provided  through 
general  administrative  costs. 

Summary 

To  recap  our  findings,  the  total  cost  of  the  NAVORDSTA  Indian  Head 
Environmental  Program  for  FY83  was  $1,602,520.  This  represents 
approximately  1.2%  of  the  NAVORDSTA  Indian  Head  FY83  budget.  As  one 
would  expect,  the  most  costly  regulations,  for  Naval  activities  to 
Impleamnt,  orlgnate  from  the  Clean  Water  Act  (CNA)  and  the  Resource 
Conservation  and  Recovery  Act  (RCRA).  It  Is  estimated  that  compliance 
with  regulations  mandated  by  the  CNA  account  for  approximately  ZOk  of  the 
total  environmental  program  cost.  RCRA  compliance  accounts  for 
approximately  301. 


•1 


Conclusion 


Based  on  the  findings  of  this  study,  tht  cost  of  tho  environmental 
program  for  a  medlimi  six*  Naval  Industrial  activity  Is  unquestionably  of 
sufficient  Magnitude  to  support  Its  Inclusion  as  an  annual  budget  line 
Itan. 


With  the  environmental  auphasls  of  the  past  decade  and  the 
continuing  Implementation  of  associated  regulations,  the  support  of 
environmental  protection  programs  should  not  diminish  and  must  be 
considered  as  a  cost  of  doing  business.  This  fact  was  reinforced  during 
an  EPA  Enforcement  Staff  Conference  which  was  held  In  January  1964.  The 
purpose  of  the  conference  was  to  discuss  agency  plans  for  stepped-up 
enforcement  of  environmental  regulations.  During  the  conference,  EPA 
Assistant  Administrator  Lae  Thanes  remarked  "In  order  for  federal 
hazardous  waste  mengement  statutes  to  be  effective  In  halting  pollution, 
those  governed  by  the  laws  must  be  given  a  clear  message  that  the  costs 
of  violations  will  exceed  the  benefits". 


Table  I.  Cost  Estimates1 


Chapter 

No. 

Tide 

Cost 

(FY-83) 

1 

Policy  and  General  Responsibilities 

None 

2 

Pollution  Abatement  Program 

None 

3 

Naval  Environmental  Protection 

Support  Service 

.  S  65,000 

4 

Environmental  Assessments  and 

Statements 

5,000 

5 

Water  Pollution  Abatement  Ashore 

314.100 

6 

Air  Pollution  Abatement  Ashore 

27,200 

7 

Solid  Waste  Management  and  Resource 

Recovery  Ashore 

256,694 

8 

Noise  Abatement  Ashore 

None 

9 

Pesdcide  Pollution  Abatement  Ashore 

30,000 

10 

Oil  Pollution  Abatement  Ashore 

28,500 

11 

Hazardous  Materials  Environmental 

Management  Ashore 

228,880 

12 

Pollution  Abatement  Afloat 

None 

13 

Oil  and  Hazardous  Substance  Release 

Contingency  Planning 

89,700 

14 

Ocean  Dumping 

None 

15 

Natural.  Cultural,  and  Historic 

Resources 

69,446 

16 

Industrial  and  Drinking  Water  Systems 

4SS.000 

17 

Secretary  of  the  Navy  Environmental 

Protection  Annual  Awards  Program 

None 

Total  cons 

5i.6o:.5:o 

'Chapter  titles  correspond  with  those  ;r.  ire  Environment!  end  Natural  Resources  Protection  Manual 
OPNAVLVST  5090.1). 
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Chapter  1:  Policy  and  General  Responsibilities 


Typical  Elements  for  Compliance 


Environmental  Coordinator 


Indian  Head  Budget  Element 


FY-83  Cost 


Total  cost 


CHAPTER  1.  POLICY  AND  GENERAL  RESPONSIBILITIES 
DIRECTIVE  CHAIN 


•  OPNAVINST  50*0.1 


tytitm  Cam  man* 
ImaMmtntmt 
Inwwatiaat 


Chapter  2:  Pollution  Abatement  Program 


Typical  Elements  for  Compliance  Indian  Head  Budtet  Element  nn»  cost 

Environmental  Coordinator.  — - 

program  and  project  planning 

Total  cost  S  0 
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Chapter  2:  Pollution  Abatement  Program 


Typical  Elements  for  Compliance  Indian  Head  Budget  Element 

Environmental  Coordinator, 
program  and  project  planning 


Total  cost 


Chapter  3:  Naval  Environmental  Protection  Support  Service 


Typical  Elements  for  Compliance  Indian  Head  Budget  Element  FY-83  Coat 

Certify  performance  of  installed  S65jOOO 

air  pollution  equipment  (coal 
conversion:  one-time  charge 
by  NEESA). 

Total  cost  S6SJOOO 
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CHAPTER  3.  NAVAL  ENVIRONMENTAL  PROTECTION  SUPPORT 
SERVICE  -  DIRECTIVE  CHAIN 


Chapter  4:  £nvtro omental  Assessments  and  Statements 


I 

I 


\ 

Typical  Elements  for  Compliance 
Prepan:  environmental  documents 

Total  cost 


Indian  Had  Budget  Element 

Preliminary  Environmental 
Assessmems/Environmemal 
Assessments 


FY-83  Con 
SSjOOO 

SSjOOO 


?0 


«$.<►  ijft* . 


CHAKTER  4.  ENVIRONMENTAL  ASSESSMENTS  AND  STATEMENTS  -  DIRECTIVE  CHAIN 


•  infcmwn  i— tm  Act.  a 


•  2.0. 11472:  Catenet  Committee  e«  tt»e  Invtren- 
mam  and  tlte  Cttttena'  Advieory  Cammmaa  an 
tte imnronment  faubiianment:  2>  May  1222 

•  (.0. 11641:  carnal  Cammmaa  an  ttie  faubaru 
mam.Tarminauan  and  Waaamnmawt  ta  tna 
Oomaatic  Council:  1  July  1270 

•  C.0. 11214:  (Amo  note  by  t.0.  11221  24u*y 
1277)  arm  action  and  Inhawaamant  a*  i  moron- 
mamal  Quality;  AamowNitttiea  at  Federal 
Aaandaa  Unaer  N2FA 

•  2.0. 12022:  Federal  Camdianaa  whti  FaHutian 
Control  Stanaarda:  13  October  1272 

•  2.0.12312:  Waaonnaa  ta  2n»iranmanial 
Damaca:  Maaianai  Cantinaanay  Flan: 

14  Avauet  1221 

o  2.0. 12221:  Federal  Aafuiauan.  Caat/tonefit 
Anaiyab,  imaoet  Anaiyaw:  17  February  1221 


* 

DOO  Mcaabamcma 

; 

o  DOO  Oiracilvc  2020.1:  N|FA.  FaNcy.  Neman 

i* 

atbiHtiaa.  Otndanaa  an  Adminbtratlcn  at:’ 

r 

30  July  1272 

\ 

o  DOO  Directive  5 100 AO:  DOO  Cammmaa  an 

f 

ImnTOwmtmcl  QuaMv.  2etabHeNae;  OOO 

f 

Feaourcca,  Uaa  at:  34  May  1273 

1 

•  OOO  Oiraatna  20207:  Nf FA.  AiipanaMiUtlei 

: 

l 

tor  Campdanae  nritti:  31  Mar  eft  1272 

a  22PNAVINIT  2340.22:  imrtranmenttl 

•  lymiiwn  fwwwnr  nvvsvriii  MWfmrn 

Frat«am.  Awitnmam  of  12  Aufuat  1277 
•  OFMAVIN2T  1020.1:  2nvirenmantt<  and 
Natural  Aeaowrcea  Fretactian  Manual: 

32  Mav  1221 

e  kavv.aTiMT  2340.4a :  New  2n»:ronmantai 
Frotectior  luaaan  hvet  13  June  1274 


NAVFAC  iratraetlea 

•  2349.3A:  Fauwtian  Cam-at  Faaan.  Aeaaambiiirv 
4M  fluidanaa:  32  Cattber  1221 


NAVS2A  tnattaattan 

<340.14  Inwranmanta:  i.-a  ity '-a|r*m. 
and  NMb*na«in’:«t  tar.  33  Otctmaar  127' 


N«vai  ActMty 


Chapter  5:  Water  Pollution  Abatement  Ashore 


Typical  Elements  for  Compliance 

Indian  Hand  Budget  Element 

FY*t3  Cost 

NPDES  permitted  industrial  sources 

NPDES  permiond  industrial  sources 

Adnunm  ration/ technical  support 

AdxninisttauooAechzucal  support 

S  4AOO 

Sampling 

Sampling 

16JOOO 

Analysis 

Analysis 

1,700 

Reporting 

Reporting 

35JOOO 

NPDES  permitted  sewage  plant 

NPDES  permitted  sewage  plant 

Operations 

Operations 

S5JD00 

Maintenance 

Maimt  nance 

123000 

Supervision 

Supervision 

gjOOO 

Training 

TWi»m| 

2JXJO 

Sampling 

Sampling 

2,000 

Analysis 

Analysis 

30000 

Total  cost 

$314,100 
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CHAPTER  5.  WATER  POLLUTION  ABATEMENT  ASHORE  -  DIRECTIVE  CHAO* 


1  r*rt*dir  Aanuir*iaea« 

•  Oaart  Hw  Aet  df  1377 

•  fttrart  and  HWM  Ad  at  1M 

•  Mart*  hnMW,  HmmD  end  bwwna  Act  of  1t72.  tM.  101  0m  Oumwny:  23  OBM  1372 

•  MINMIntWmtAK  1«  DwWH  1174 

•  Coil  Zona  M*nifem*nt  Aet  at  1372 

- - -  .  "T"  . . . . “ 


bMMNMMM 

•  to.  11  MS:  Headyl*!*  Man*yemem:  24  May  1377 

•  tO.  UNO;  *dtacuen  af  Wetland*:  3*  May  137? 


•  33  cm  133:  Centra*  at  OeMutmn  fcy  OU  ana  Heierdam  iMancai.  0  denary*  Aamaual.  Caaat  Oaard 

•  33  Cm  203:  Army  Cara*  af  Cnyinaart  Aayulaiiant  an  Naviyabl*  Water* 

•  33  Cm  320330:  Army  Cara*  ot  liyAaan  Farm*  Frayram  Aayulatian* 

•  «0  cm  103:  CrHaria  far  Start.  Loaal.  and  Rayranal  OK  Wamaral  Cantlnyancy  flam 

•  40Cm  110:  OacMarfa  at  OH 

•  ao  can  112:  OU  PranamJan 

«  AO  can  113:  Liability  Umto  for  SmeM  Owner#  OU  Ilona  Facilittat . 

•  40  cm  1 14:  interim  Aeyi)  letter*  aa  CwU  Fenertia*  far  Violation*  of  Oil  Fedirden  Froeemioa 

•  40  can  1 13:  Dwlyneilon  af  Haaaraaat  Subataneat 

•  40  cm  117:  OaoarmUiaHaw  af  Wayewaile  Ouennua*  far  Hawidou*  lubnanaa* 

•  40  can  122:  National  FeNutant  D denary#  lUminaiian  tyitem  a#rmit  Refutation* 

•  40  CFR  123:  Stata  NaotS  Farnih  Frayram  Neauttamerm 

•  40  cm  123:  Criteria  ana  Standard*  far  ilia  National  Foiiuiam  D  denar  ft  *l.mi«etion  tynam 

•  40  can  133:  Strandary  Treatment  Information 

•  40  can  133:  Tan  araaadara*  far  tn#  Attain*  of  FoUvtam* 

•  *0  cam  220.223, 237-223:  Ooaan  Dumpiny  Regulation*  and  Cmaria 

•  40  cm  230.  D denary*  af  Pradyad  or  aw  Material  Una  Narlfdil*  Water* 

•  40  CFA  231:  Odeoae*  Sit#  Determination  Unearth*  Water  A*t 

•  40  can  403:  aietreetmem  Standard* 

•  *0  Cad  123:  Tonic  FoMutam  Effluent  Standard* 

•  40  cad  401:  Ganaral  Frevdion*  far  Iffluani  Ouioalintt  and  Standard* 

•  40  call  413:  Iffluani  GuMatmaa  and  Standard*  far  IdCTroolaiing 

•  40  CaN  414:  INiwant  GuidaUna*  and  Standard*  far  Ftatt>*B  and  fymnatiea 

•  40  CFR  413:  Ifttuam  Ou Melina*  and  Standard*  far  Flattie*  and  Synthetic* 
a  40  Can  413:  Iffhrent  OwMalina*  and  Standard*  tar  SanHiatr  Manufaetura 

•  40  cm  423:  Ifttuam  Guideline  tar  Swam  Clettri*  Fowar  Generetiny 
a  40  Call  433:  f  fHaartt  OwitMine*  far  anatayraahte  Freaenlay 


POO  Aaaulramana 

•  SOS  OiraatM  4120.14:  N*r*  aaircmav  to.  1208S  and  CVS  Circuit’ A*'.0S.  imottmtmatianaf: 
and  Air  and  Wtttr  aoUgtion  from  000  Faeillti**,  Fencer.  3C  Aut.it:  1S77 

•  COO  Imtruetion  4170.3:  Fan  and  Wuslite  Maneptrr.irt  F’ajritr.  Ittae  .tvnrv.  2’.  June  1HS 

•  003  Inttruatian  4170.8:  Sail  *ne  Wat ar  Man*yt«rtm  FtOfr«m.  ims  tmt-u;  cm  I  Ncv#.va»r  137S 

a  000  Piraatrr*  3030.4;  Marin*  Sanitation  D*v.*ti  lor  Shiet.  Feiiev  »ns  Regulation*:  23  Cctoetr  1S73 

•  COO  Outctn*  (230.1:  Sat*  Driiutitif  Water  Act.  Falicv  ?4  ’ITS 


Navy  Raaoiremam* 

a  CFNAVINST  1030.1'  Invi*entn*nt*l  *ne  Nature.  Inovicn  F*ataet  e"  Vanya  .:  23  Vav  ’313 
*  BUMIPIVST  I340.3C;  Sianda^i  «er  •f.asu  y.’t’.r:  2!  Auyuit  1ST2 
a  KAVFAC'NST  4730.28:  Ti«*vnr«t  Dm***.  Cam-nr-ei*  FrccwttmtM.  ?t$t‘ny:  S  Ju*»  1377 
a  NAVlACINST  4S33.SA  lneutv>*i  Wa*t*w*t«r  Centre.  Frol**!*:  31  Any  ISIS 


Chapter  6:  Air  Pollution  Abatement  Ashore 


Typical  Etemcncs  for  Compliance 

Adtninistrauon/technicai  support 
Operating  expense 
Maintenance  of  installed  equipment 
Ambient  air  monitoring 
Stack  monitoring 


Total  cos 


Indian  Hand  Budget  Etaaeat 

FY4S  Cos 

S  2,200 

Air  moeter 

fijOOO 

Stadt  moniior 

17,000 

Monitor  rtaronwmiraeinn  of 

2000 

burning  ground  (oafr-tfctt  cos) 

527,200 
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CHATTER  6.  AIR  POLLUTION  ABATEMENT  ASHORE  -  DIRECTIVE  CHAIN 


•  CM*  Air  At! 


Afainat  Ordar  of  total 
•  IflKttbMlvMIIW 
SmICMCmhumi 


wwiw  Foday  An.  tai.  1ST,  Sunn* 

Mai  tuai  lam  utaft:  I  Maaatw  1676 
(nmronmamai  Coordmaiton  Act  K  1674. 
Mu  and  AHoaauon  Im.  211,  Fuat 
toot  from  Maw  Wwa>  VMiietar  24  Amo  1S74 


taaaaiia*  Raaakaaiam 

•  1.0. 11402:  CMaw  Ak  Aat:  Adminotratron  af  Ftdorai  Contract*: 
30  Jana  1S71 


•  40  CFA  50:  National  Primary  and  laaondary  Amt) am  Air  Quality  (tanOard* 

•  40  CPA  Si:  frapa ration  of  imp  lamentation  Plant.  lutpart  V  -  Maryland 

a  40  CPA  66:  Enarfy-Aalatad  Authority,  Ouboart  V  -  Maryland  1 1  66.460  Dalayad 
Comolianca  Order  -  40  FA6314S;  NOSIH  Goddard  Power  Want  :  2S  Octobar  1661) 
a  40  CPA  SO:  Ambient  Air  Quatiry  lurvaHlanc* 
a  40  CFA  00:  tiawdardi  of  Performance  tor  Maw  Stationary  Source* 
a  40  CPH  (1:  National  Emotion  Standard*  for  Macaroon*  Air  PoMutam*  lAabaatoa. 
Beryllium  Aocfcat  Motor  Plrlnpri 

a  40  CEA  62:  (tat*  Man*  for  Pi*  unclad  FacHhia*  and  Pollutant* 
a  40  CPA  S$:  Delayed  Comoiianc*  Ordart  Undar  tn*  Clean  Air  Aet 
a  40  CPA  66:  Amaacmant  and  Collanion  of  Non-Comalianca  Paridttia* 
a  40  CPA  67:  Federal  Aooroaal  of  (tart  Non-Compllane*  Penalty  Pro*ram« 


GOO  Aaniramant 

a  000  lijr.rwction  4120.14:  Now  Polieiat  Sy  K.C.  120SS  and 
OMS  Circular  A*  106.  imoMwantation  a* * 4:  anc  A.'  and  Watar 
Pollution  from  000  Faclbiie*.  Peneiat  20  Auyufl  1677 


Navy  Aaootftmant 

a  CPNAV  1060. V.  Navy  |n*)'«nrr.irt*i  »"C  Natv:*'  Anc  jreat 

4  rot  act  ten  Manuel:  26  May  1663 


Chanter  7:  Solid  Waste  Management  and  Resource  Recovery  Ashore 


Typical  Elements  for  Compliance 

Indian.  Head  Budget  Element 

FY-83  Cost 

Administrative/technical  support 

Administntive/nchnical  support 

S  33491 

Transportation 

Transportation 

157,000 

Spilt  contingency  planning 

— 

Spill  prevention  control  and 
countermeasures  plan  (SPCQ 

_ 

Incineration 

— 

Landfill  operations 

Landfill  operations 

19,000 

Containerization 

— 

Separation  and  identification 

Separation  and  identification 

W0 3 

Training 

Training 

18JD00 

Manifesting  and  reporting 

— 

Permits 

Permits 

woo 

Storage 

Storage  of  equipment,  recycle,  etc. 

10JD00 

Recycling  and  reclamation 

Recycling  including  precious  metals 

M00 

Total  cost 

S256j694 

UIA»rl  l-:R7.  SOU!)  WASTIi  managiimi  nt  and  RFSOURCl  ri-tovi-ry 
ASIIOKIi-  filRIiCTIVI-  CHAIN 


« 


t 

I 

! 


*? 


Typical  Elements  for  Compliance 
Monitoring 

Sound  barrier  maintenance 
Additional  cost  of  operations 
(to  reschedule  etc.) 

Tbtai  cost 


i 

I 


i 


Indian  Head  Budget  Element 


FM3  Coat 


f 


CHAPTER  8.  NOISE  ABATEMENT  ASHORE 
DIRECTIVE  CHAIN 


Chapter  9:  Pesticide  Pollution  Abatement  Ashore 


Typical  Elements  for  Compliance 


Indian  Head  Budget  Element 


FY-83  Cost 


5:  wo®**® 


iaijC; 


??*.%* 


CHAPTER  9.  PESTICIDE  POLLUTION  ABATEMENT  ASHORE 
DIRECTIVE  CHAIN 


•  F«mi  inaactkida.  funyipaa.  and  Wndamialdt  An  (dldftA) .  at  Amandad 

•  dadaaal  tmrltanntamai  faatloda  Quito  I  Act  o>  <173:  31  Octatar  1(73 

•  Compraltanatva  (mrlrdtimunial  HldWiil,  Comoaaaatton  and  LMAHHv  Act 


•  C.O.  130M:  fadaral  Camplianea:  13  Odtafear  1(K 


dadaaal  (ayotodona 

a  A>10>:  fraaadum  to  Imptamam  (aaaulraa  Otdar  130M:  31  Oacambar  1(74 
•  «0  CdA  TOO:  National  OH  and  HmMm  »i4hibw  fotivtion  Caminyancv  flan 


OOO  Rayalaamami 

•  000  DituttWa  4130.14:  Cmnaonmantal  foltution  fraaantion.  Control  and 
AOotamont:  30  Auouat  1(77 

a  000  Oiractlwa  41(0.7:  Oayontnant  0<  Datanat  fan  Manayamant  droytofn: 
(  Wataadar  1(73 

a  000  DtraatNa  (1(4.13:  Artnad  dorcaa  fait  Manayamaw  freyram: 

33  Jwty  K7( 


a  OfNAVINfT  (0(0l1: 
30  Mar  1(03 


Navy  NadMOamant 

•nmantal  and  Natural  datourcat  frot action  Manual 


NAV3IA  Intimation 


a  6740  1 A  {nvitonmantai  Quality  f'Ofam:  *cl.cv  I' :  jkiuynmynt  c' 
Aaapana«tirtv  tor  20  laotamaar  ‘S"7 


Chapter  10:  Oil  Pollution  Abatement  Ashore 


Typical  Elements  for  Compliance 

Oil  spill  control  plan 
Maintenance  of  oil  handling  and 
storage  facilities 


Indian  Head  Budget  Element 

Review  of  oil  spill  control  plan 
Maintenance  of  oil  off-loading  and 
storage  facilities  (1.6  million  gai  at 
114  locations) 

Intra-station  transportation  of 
used  and  waste  oil 
DPDO  support  of  waste  oil 


'J- 


CHAPTER  10.  OIL  POLLUTION  ABATEMENT  ASHORE  -  DIRECTIVE  CHAIN 


•  Pedc eel  Water  Pollution  Control  Am  m  An»nM 

•  The  Oil  Pollution  Act.  m  Amended 

•  National  Iwtwiwmiiil  Policy  Act  ol  1MB 

•  OaynliiiiiM  environmental  Bwww.  Compeneetlon,  end  Liability  Act  ol  1M0, 


•  1.0. 1 1M0  Wetland  Protection:  34Mey1977 

•  t.O. 12006:  Federal  Compliance:  13  Oetaber  1979 


•  A- 104:  Proatum  to  Implement  f  eecutive  0 tder  130M:  31  December  1B74 

#  40  cm  100:  Criteria  tor  Sntc.  Local  end  Regional  OR  Removal  Contingency  blew 
e  40  CRB  110:  Otecherpe  ««  OH 

e  40  CHR  1 13:  OH  Pollution  Preventieui 

e  40  CFR  1 13:  LiebHIty  Lenin  lor  SmaH  Onehore  OH  Bterepe  FacilKier 
e  40  CFR  1.14:  CmH  Pcnaliiot  Ipr  vitiation  pi  Oil  Pollution  Prevention  Wegulerlew 
e  40  CFR  300:  Netionel  Oil  end  Halted  nut  tubatancaa  Pollution  Commoency  Plan 


e  DOO  4130.14:  gnvieonmontal  PeWutton  Pnnntipn.  Control  end  Abatement: 
30  Auguet  1077 

e  DOO  5030.41 :  Netionel  OH  end  Meeardoue  tubranco  Contingency  Pton: 

1  Arne  1077 

e  0006090.1:  fnvirenmentei  Coneideratione  m  DOS  Action* *:  30  July  1079 


e  OPNAVINST  5000.1:  environmental  and  Natural  ReMurcM  Protection  Manual: 
35  May  1M3 

e  NAVMATINST  4731.1  A  0*».  Peiioce  end  Re»oont*;mie»  lor  Program, 

77  January  1M1 


MAVSUP  Iwtruction 

•  f 742  26  xf‘  v non  Prevent  .on, 
C i’"t  r:  l>-  «  r eci.'tiet 
•J  * 1282 


NAVFAC  InatrutnoM 

r  g 24?  2a  O.i  So-H  Scu-rme*:  j 

N'AVtIA  Imtructien 

Procurement  Program 

e  6240  1 A  Srv.ronmental  OueMy 

22  Ot-.eoer  1911  i 

P'Og'arr.;  Polity  t*e  Peiptneipiiity 

r  ;c3Jr7g  Waite  0-  l.’.e-.j;t*ne-* 

•or  20  Detembe'  187* 

P’9r»~  *7  Augutt  1*71  i 

J 

Chapter  11:  Hazardous  Materials  Environmental  Management  Ashore 


Typical  Elements  for  Compliance 

Indian  Head  Budget  Element 

Part  1:- HM/HW  Management 

TY-83  Cost 

Designate  point  of  comaa 

HM  Jun  es' 

Develop  H.M  management  plan 

Annual  reponing  (federal  and  state) 

Administration  and  technical 
support 

S  48,000 

Disposal  of  HM/HW 

HW  Disposal  (contract) 

23.000 

Manifesting 

HW  Manifesting 

2,200 

Storage 

HW  Storage 

1.100 

Training 

HW  Training 

8.000 

Equipment 

HW  Equipment 

0 

HW  Incineration 

133.800 

HW  Permits 

2,700 

Subtotal  con  (Part  1) 

Part  2:  Inactive  HS  Disposal  Sites 

S222.800 

NACIP  suppon 

HW  Administration/technical  suppon 

2,100 

Subtotal  con  (Part  2) 

S  2,100 

Part  3:  Polychlorinated  Biphenyls  (PCBs) 

PCB  Transportation 

PCB  Transportation 

600 

PCS  Administration/Technkal  Support 

PCB  AdministrationAechnical  suppon 

2.0*0 

?C3  mamfening 

PCB  Manifesting 

840 

PC  3  storage 

PCB  Storage 

300 

S_-\c;d  co»;  /Pan  3) 

S  3.980 

:ost  (Parts  !.  2  &  3) 


S22S.SSQ 


-f 


•  0*0.7:  (nwronmantd  PrmactWft  «t  OOCO  Pacttttlw:  II  Nnvn»«f  1M3 

•  0*0.1*:  HMareOM  tnvtranmtml  Mj»n.  PfWfiwn;  Navy:  I  May  1*0 


NAVFAC  ImnNiitn 

•  OK.lS*  7h«  (•m^.lnvirenmamat  iNfMWtr.nt  Trairam;  |n|in««r>nf  *«W 
Ca4.«a.  fitisc-t&ixm  lor.  It  Ocicbaf  117* 


•  *!<:.«*  v.m-«  Cew#t  Nrnn  WniKMtin;  Chamiean  «*  Tex* 

l.si:i^cff  2 1  July  1110 


VMi:  Is*  '‘•AH*"1*”* 


N’AVtl*  iMTftitti#* 

•  0*0  **:  Imr.'ey.m*w«:c«».  *>  f*n»y  *V  Rnaersttility  •*»; 

JC  1177 


K«»v  *»*  **tWM»» 


fat  3.  Po)ych)orin*t*d  Biphtnyta  (PCBi) 


Chapter  12:  Pollution  Abatement  Afloat 


Typical  Elements  for  Compliance 


Sewage,  pulped  garbage,  pulped 
trash,  and  wastewater 
Foreign  source  food  and  garbage 
Domestic  garbage 
Trash  or  solid  waste 
Oils  and  oily  waste 
Hazardous  substances  turned 


Indian  Heed  Budget  Element 


FY-83  Cost 


Hazardous  waste 
SpiU  cleanup,  planning,  and 
operations 


Total  cost 


•9 


CHAPTER  12.  POLLUTION  ABATEMENT  AFLOAT 
DIRECTIVE  CHAIN 


•  Own  Mora  Aa  oM#77 


z: 

•  1.0.  iaOH:  fmkm  CempHanoa 
**h«  fWMM  Control  Stnndordo 
of  1?  Orator  iftTS 

•  OOO  OtroqtM*  MtO.4:  Mahno 
Santmion  Oovfcai  for  thiPK 
OOhefoi  anO  Raoulanon* 

.  r 

OMOAV  Inoonotfon 

•  HMt:  tnojronmawai  and  ffomrafi 
RoMurao  Procaotlon  Manual'.  i 
HMaylM) 


Chapter  13:  Oil  and  Hazardous  Substance  Release  Contingency  Planning 


Typical  Elements  for  Compliance  Indian  Head  Budget  Element  FY-83  Cost 


Part  1:  Navy  Organizational  Aspects  for  Removal 
of  Oil  and  Hazardous  Substances 


Pan  1  Discusses  area-wide  planning.  There  are  no  local  costs 
in  this  pan  except  for  suppon  provided  to  an  area  wide  plan. 

SO 

Part  2:  Navy  OB  Discharge  Response 

Develop  oil  spill  contingency  plan 

Adnunistmion/technical 

_ l 

suppon 

Develop  spill  prevention  control 

i 

and  countermeasures  plan  (SPCQ 

Develop  reporting  procedures 

Reporting 

_ 1 

Designate  personnel  for  response 

_ i 

Designate  equipment  for  response 

^qyiptppnt 

Train  designated  personnel 

Training 

_ 1 

Oil  spill  clean-up  operations 

SpBl  cleanup 

_ l 

Subtotal  cost  (Pan  2) 

_ i 

Part  3:  Navy  HS  Release  Response 

Develop  HS  spill  contingency  plan 

Develop  spill  prevention  control 

Administrarion/technical  suppon 

45,700 

and  countermeasures  plan  (SPCQ 

Develop  reporting  procedures 

Designate  personnel  for  response 

Reporting 

3.500 

Designate  equipment  for  response 

Equipment 

10,000 

Tram  designated  personnel 

Training 

5.500 

HS  spill  clean-up  operations 

Spill  cleanup 

25.000 

Subtotal  ccsi  (Pari  3) 

SS9.700 

Part  4:  Salvage-Related  Oil  and  HS  Spill* 

SO 

This  Section  applies  to  Navy  participation  i 

r.  the  salvage  of 

private  and  r-.y  vessels.  This  section  dots 
norms.’  crc'cr.crts  of  there  activities. 

r  ot  apply  to  the 

Total  cost 

SS9.700 

T-»  **»  !•  •  Hr.  1  dit  r«  i.'ui  mv  Um  mmimn-.es  »i«rwn*  fjr  fc-A  P*n»  :  *m  1 


CHAPTER  13.  OIL  AND  HAZARDOUS  SUBSTANCE  RELEASED  CONTINGENCY 

PLANNING  -  DIRECTIVE  CHAIN 


•  Padarel  Wnn  Pollution  Control  Aet.  aa  Amandad 

•  Oil  Pollution  Act  d  1881,  ■  AMMMd 

•  Aeaourae  Conaervotion  and  Aaoovary  Ad  d  1* *78 

•  Como»«Aenaiva  intironmantai  Aaaoonaa  and  Liability  Ad  d  1880 

•  National  environmental  Polity  Ad  of  IMS 


•  8.0.  123  K:  Aaaooneai  id  iMnwiynul  Damaft  i 

•  f.0. 13088:  Padaral  Comelianoa'  13  OdMber  1878 

•  E  O  119*0:  Wetland  Protection:  34  Mdy  1S77 


^iddd  Ni|uld^iM^i 

•  40  CPA  100:  Criteria  lor  Suit,  Local,  and  Rational  Oil  Removal  Continftncy  Plant 
a  40  CPA  110:  Otacnarya  Of  Oil 

•  *0  CPA-112:  Oil  Pollution  Prevention 

a  40  CPA  1 1 3:  Liability  Limit!  (or  (matt  Onthort  OK  Siorate  Padlltiat 

a  40  CPA  114:  OvH  Ptntltitt  *Or  Violation  d  Oil  PoUvtIco  Prevention  Aafuiationa 

a  40  CPA  117:  Rooonabto  OoantWai  lor  Hottrdoua  Ivbaianaai 

a  40  CPA  280-388:  Aetuletlone  lor  the  Manafemontd  Maaardoue  Waataa 

a  40  CPA  300:  Plotionai  Oil  end  MatcnMue  Subetancac  Pollution  Contingency  Plan 

a  A-108.  Pruaaduraa  to  Imotamam  (.0. 130M:  31  Oaewnber  1074 


OOO  Rtoalrtmtm 

•  OOO  0  trad  No  413014:  Implementation  of  LO.  120M  and  A-106 

•  OOO  Oiroatvo  8030.41 :  Natlenoi  OB  and  Haaardout  Subttencai  Contintancy  Plan 
a  OOO  OlrOdivo  8080.1:  f  nvkonmemei  Conaideratlona  In  OOO  Adlona 


tiCNAV  incamoBonc 

a  8340.10:  Cvahiationi  d  Environmental  (Macs  in  tfte  United  Star  at  from  Nava)  Adlona: 
4  Oaeambar  1800 


a  8080.1:  environmental 
a  3100.3C  Special  mcKA 


OPNAV  Indmetiem 

and  Natural  Aaaourcaa  Protaetion  Manual:  28  May  1883 
mi  Afponinf  18  July  1877 


NAVMAT  Inttrudiona 

a  4731. 1A:  Oh.  PdSeda  and  Anoonebrttnet  for  Pro*ra«.  37  January  1881 

•  8240.8A:  Navy  Heaerdout  Matrriab  Environmental  Wanafamani  Prefram:  8  June  1883 
a  8340.7  Environmental  Protection  at  COCO  *ec<l>tie«:  1g  Nevamotr  1812 


1 

NAV8UP  Inatrwetien 

[  •  8340.31: 

|  Pct-i.vat 

Pollution  Prevail >on.  Control  at  Bulk  Pud 

14  Gacemb er  1883 

NAVPAC  Inatnidlena 

a  8343.34.  0>.  Ssiii  leuiomant  Procurement  Profram 
a  'SSJ;.*!.  I’.aatt  On  M»naa»man»  P*0ff4P*  17  AufiMt  18*8 


NAV8IA  Inatrudron 

•  8340.1  a  (nvirenmamai  Cueinv  Preiram;  Policy  *'d  Ai:sira.t>'  ty  for-  30  if  77 


Navy  (Nora  Adnifiaa 


:  <V  x-  lyWi.  ,(,  ^  ,u  |  ^  ^ 

■  **: '  ■  /:  -  •  •  -  A  •  i  •  '^'  '•'  V  '■ ?  '  .  hL?*‘\t • 


Chapter  14:  Ocean  Dumping 

In  general,  regulations  prohibit  transporting  material  from  shore  for  ocean  dumping.  Some  exception  an 
allowed  and  permits  are  issued  on  a  case-by-case  basis.  Weapons  and  Combat  Systems  Directorate  field  activities 
do  not  have  any  known  permits  for  ocean  dumping  even  though  there  is  occasional  ocean  dumping  of  dredged  material. 
This  chapter  includes  burial  at  sea  (see  also  40  CFR  229.1  and  BUMEDINST  5360.  ID  of  4  October  1982). 


1 22 
“tSf 
ttl£S 
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CHAPTER  14.  OCEAN  DUMPING  -  DIRECTIVE  CHAIN 


OfNAV  lawnmMn 

•  *0*0.1:  IrmronmtmH  hrrvrfl 
HlUlW  NW»I*I  Manual: 


Chapter  15:  Natural.  Cultural,  and  Historic  Resources 


Typical  Elements  for  Compliance 

Indian  Head  Budget  Element 

FY-83  Cost 

Soil  and  water  conservation 

Administration  and  planning 

Administration  and  planning 

$  1.800 

Landscape  (minor  construction) 

Landscaping 

12,000 

Training 

— 

Subtotal 

S13.800 

Forest  Management 

Reforestation 

Reforestation 

2.500 

Timberstand  improvement 

Timberstand  Improvement 

13.000 

Fire  protection 

Fire  protection 

666 

Timber  area  access  roads 

Timber  area  access  roads 

— 

Timber  management 

Timber  «**n*g*wmat 

23.000 

Training 

Subtotal 

343,166 

Fish  and  wildlife 

Planning  and  management 

Planning  and  management 

3.600 

Inventory  and  survey 

Inventory  and  survey 

Feral  animal  control 

Population  control 

3.000 

Pest  control 

Pest  control 

2.880 

Habitat  improvement 

3.000 

Hunting  management 

Game  warden 

— 

Training 

Training 

— * 

Subtotal 

S12.480 

Outdoor  recreation 

Planning 

Minor  construction 

** 

Maintenance 

— 

Training 

Subtotal 

S  0 

Natural  and  cultural  resources 

Planning 

Minor  construction 

* 

Maintenance 

Training 

S.btotal 

S  0 

Tim*;  cost 

568.446 

is 


M;. 
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CHAPTER  15.  NATURAL,  CULTURAL.  AND  HISTORIC  RESOURCES 

DIRECTIVE  CHAIN 


r.LlHN:  PM  and  WMIMc  Caondinetten  Act 

F.L. *  *6-797:  Fed  and  WFdWe  tonmvwiw  on  MIHtary  WtiywHw 

F.  L-  M-3t:  Matinnel  NlmrW  Fraeeraatian  Aci 

F.L.  MAM:  Fiati  and  WMdWe  Act 

F.  l.  (Ml:  Cwwoiw  Frnararnt  an  Military  9  ataman  ana 

F.  l_  10-993  NMuthMOMfll 

F.L  9V193:  Mutual  Oneirenmemal  Fatter  Act  at  1999  IFtiFAJ 

F.  l.  92-923:  Marine  Mammal  Fraeeetiea.Act  at  1*72 

F.l.  93-532:  Marina  Pratcciiaa.  Maaaawti  awd  Oanctirariti  Act  at  1973 

F.  l.  92-693:  Ceaasai  Zaaa  Manaaemeai  Act 

F.|_  93-209:  indaa«ered  Saae«e  Act  at  1*73 

F.L.  HAM;  Yanfi  Canaamaiian  Carat  Act  at  1973  Amandai 

F.L.  93-492:  Canaertatlen  arat  WalM  It  Italian  Fta*tai»  aa  MtHtary  and  FwMtc  Landt 

F.l_  99-921  Federal  Haulm  MMaMAat  at  1974 

F.u.  99-934:  Camp  n»  imI  i  Imatayatant  and  TraloMf  Act  Amandmema  -  1979 
F.l_  99-912:  Mndanaecad  9paalaa  Act  at  1973 11979  Amendment*) 

» »  m  aaAa,  »*  - «  a^  _A  aMA 

Hi H M  1W *W 

Title  10U9C3997:  uaaaa:  Man  faaai  Ftaaent 

TWa  10  UK  2971:  Mattery  Aaiinetlaat  and  Facimiae:  .riant  m«.  Piahtm.  and  Trapelnj 
TMa  19  U9C  99ft  9att  Caaaarvailan 

Ad 

19U9C1Z71:  Narianal  Tmaa  tyatem  Act  at  1999 
19  U9C  1274:  <MM  and  SeaMe  (Mr  Act 


e  9.0. 11914:  Fraaaattan  an#  Inncnccmcm  at  ln«  Henman  tel  Cuattiy 
e  9.0.11991:  FrataaHan  and  9ntieneamem  at  Me  Ctriiarat  Inriranmant 

e  9.0l  1190:  Imnrenmtmal  laMfeerdi  an  AaiMMea  tar  Anunai  Oamapa  Central  an  Federal  Land! 
e  La  11999:  Fieadatale  Mcnciemtm 
e  LO.  11999:  Qtt  Acad  VeAtcMa  an  PwMit  Land! 
e  l.a  11990:  Fraiectian  at  wetiendt 

e  l.a  11991:  Mereetlen  and'  tnftenacmcra  at  tnytranmantc1  Quality 


000  Aeaulrementa 

•  DOO  C  »e«t*»e  *700.1  Kctw'e'  Fetevtace  Cent*rvti*r.  a*:  V.ane;e—  en 

•  DOO  mas'ccs-in  1300.13:  Mf.wrai  Fttownti  -  "Ft  Stt-tu-v  «i  :#•#'»«  C:*tt'veitcn  Ant'd 

•  DOO  D>recfve  1 090.2  Um  at  OH.fttad  vamcitt  an  C03  .mei.  m  -  '-t-eea 

•  000  i*i •••»«'. An  TjiO.t:  Ausentmt  tar  Fiee^r  er  a-c  £«  t  e<  unat-  *»a  T.mre'  Fredtrt 


'em? 


~  ib  '■ 


Chapter  16:  Industrial  and  Drinking  Water  System. 


Typical  Elements  for  Compliance 

Supervision 

Training 

Operations 

Maintenance 

Sampling 

Analysis 

Total  cost 


Indian  Head  Budget  Element 

FY-B3  Cost 

Supervision 

22,000 

1,000 

Training 

201.000 

Operations 

253.000 

Maintenance 

1.000 

Sampling 

10.000 

Analysis 

S4S8.000 

*7 


Chapter  17:  Secretary  of  the  Navy  Environmental  Protection 
Annual  Awards  Program 

The  Secretary  of  the  Navy  provides  recognition  and  awards  for  activity  environmental  and  natural  resources 
protection  programs.  These  awards  are  not  a  cost  against  she  local  activity. 
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REMEDIAL  ACTION  OF  HAZARDOUS  WASTE 
U.S.  ARMY  CORPS  OF  ENGINEERS 
ANNISTON,  ALABAMA 
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Roy  F.  Weston,  Inc. 

*320  Manorial  Drfvo.  Suita  C 
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Or.  Robert  J.  York 
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INTRODUCTION 


Anniston  Amy  Depot  (ANAD)  Is  located  In  northeastern  Alabama  In  Calhoun 
County.  The  Depot  Is  located  approximately  ten  miles  vest  of  Anniston, 
Alabama,  and  sixty  miles. east  of  Birmingham,  Alabama. 

-XVT  ,  ^  l  y;  ) 

One  of  the  primary  missions  15TTfiirT>ep0t'*Ts  the  repair  of  combat  vehicles. 
Industrial  processes  which  are  utilized  In  the  accomplishment  of  this  mission 
led  to  the  production  of  a  large  number  of  waste  chemicals,  mainly 
degreasing,  paint  stripping  and  metals  processing  sludges.  Many  of  these 
waste  chemicals  are  classified  as  hazardous  under  both  Federal  and  State  of 
Alabama  hazardous  waste  regulations. 

Beginning  In  1971-1972  and  continuing  until  30  September  1961,  containerized 
sludge  wastes  were  burled  In  seven  trenches  located  In  an  elevated  area  with 
■  approximately  30  feet  of  relief  northwest  of  the  Depot  Industrial  area.  The 
sludge  disposal  trench  site  occupied  approximately  two  acres  near  the 
existing  Depot  sanitary  landfill  (Figure  1).  At  Initiation  of  the  project, 
six  of  the  trenches  had  been  completely  covered  and  the  seventh  remained 
partially  open. 

An  additional  site,  the  old  lagoon  sludge  pile,  consisted  of  materials 
removed  from  the  bottom  of  a  lagoon  which  was  closed  In  the  early  1960‘s. 
This  pile  was  covered  with  a  synthetic  liner  and  covered  with  earth. 

Organic  contaminants.  Including  volatile  aromatics,  phenols  and  phthalate 
esters,  were  Indicated.  The  most  significant  groundwater  contaminants  were 
trlchloroethene  and  methylene  chloride.  In  spring  1961 ,  further  sampling  and 
GC^tS  analyses  of  twelve  wells  were  conducted  for  volatile  organics.  At  that 
>  time  other  organic  contaminants.  In  addition  to  the  confirmed  trlchloroethene 
and  methylene  chloride,  were  detected. 

'The  potential  for  localized  groundwater  contamination  led  to  the  decision  to 
exhume,  remove  and  dispose  of  the  contaminated  material  In  the  seven  disposal 
trenches.  As  part  of  this  contract,  the  hazardous  sludges  In  the  old  lagoon 
sludge  pile  were  to  be  removed,  although  groundwater  contamination  was  not 
associated  with  this  site. 


Through  the  use  of  ground  penetrating  radar  (DPR),  magne tome try,  metal  n 
detection  and  electromagnetics,  the  exact  boundaries  of  the  chemical  sludge  oh 
disposal  trenches  were  detarmlned^tifTiites  of  the  depth  of  the  trenches  '/  i 
were  made  from  DPR  data.  Trenches  1  to  6  were  estimated  at  12  feet  deep; 
trench  7  was  estimated  at  approximately  17  feet  deep.  The  comers  of  each 
trench  were  surveyed  (State  Planar  Coordinate  System)  for  the  exact  locations 
far  renovel  operations. 


A  geotechnical  evaluation  of  the  area  containing  the  disposal  sites  was 
can  ducted  by  a  previous  contractor  during  spring  and  summer  1961  to  establish 
the  felleirtag: 


o  Bel Ineetlon  of  the  actual  chemical  sludge  disposal  trench 
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•  Dlrectlon(s)  of  shallow  groundwater  flow 

§  Evaluation  of  the  potential  for  contaminant  migration 
Into  bedrock 

Following  procurement  and  contract  negotiation  by  the  U.$.  Army  Corps  of 
Engineers  (COE),  Huntsville  Division,  the  responsibility  of  administering  the 
contract  for  remedial  action  at  the  Anniston  Army  Depot  was  assigned  to  the 
Mobile  District,  COE.  Responsibility  for  administering  the  technical 
execution  of  the  project  to  remove  and  dispose  of  hazardous  waste  materials 
from  ANA D  was  maintained  by  the  U.  S.  Army  Toxic  and  Hazardous  Materials 
Agency  (USATHAMA). 

The  quantity  of  material  to  be  removed  from  the  trenches  and  the  old  lagoon 
site  was  Initially  estimated  at  54,67$  tons.  Up  to  50,000  additional  tons 
were  authorized  for  removal  under  the  contract  If  more  extensive  excavation 
was  required  to  achieve  effective  removal  of  the  contaminated  soil.  Specific 
exhumation  criteria  stated  removal  of  soil  two  feet  below  the  trench  bottoms 
and  five  feet  horizontally  from  the  trench  sides,  plus  removal  of  all  soil 
partitions  between  trenches.  If  visual  evidence  of  contamination  remained, 
additional  exhumation  was  performed  at  the  direction  of  the  Contracting 
Officer's  Representative. 

A  total  of  62,119  tons  of  contaminated  material  and  soils  from  the  chemical 
sludge  disposal  trenches,  old  lagoon  sludge  pile  and  chemical  sump  at 
Building  130  were  exhumed,  transported  and  disposed  of  during  the  project. 
Hazardous  materials  were  transported  by  Magic  City  Trucking  of  Birmingham's 
Alabama,  and  Chemical  Haste  Management,  Znc.,  of  EMelle,  Alabama,  permitted 
hazardous  waste  carriers.  In  accordance  with  applicable  State  and  Federal 
regulations  to  Chemical  Haste  Management,  Inc.,  a  RCRA-permltted  hazardous 
waste  disposal  facility  at  Emelle,  Alabama. 

HAZARDOUS  HASTE  REMOVAL  OPERATIONS 

Primary  waste  removal  operations  at  ANAD  consisted  of  handling  and  disposing 
of  materials  from  two  separate  sites:  the  chemical  sludge  trenches  and  the 
old  lagoon  site.  These  sites  were  located  approximately  one  mile  from  each 
other  and  were  arbitrarily  labelled  by  a  previous  contractor  as  Site  Z-l 
(chemical  sludge  trenches)  and  Site  Z-2  (old  lagoon  sludge  pile).  The 
discussion  of  the  sites  follows  the  chronological  order  of  their  excavation. 
Figures  2  and  3  represent  the  operational  layout  of  Sites  Z-l  and  Z-2, 
respectively. 

During  the  latter  phases  of  the  removal  operations,  a  small  volume  of  waste 
material  from  the  chemical  sump  at  Building  130  was  transferred  to  the  trench 
site  bv  ANAD  personnel  and  was  subsequently  transported  to  the  disposal  site 
In  Emelle,  Alabama,  by  the  permitted  transporter. 

Removal  operations  at  ANAD  were  Initiated  with  the  excavation  of  Site  Z-2, 
the  old  lagoon  sludge  pile.  Site  Z-2  consisted  of  waste  sludge  material  that 
had  been  mounded  up  and  covered  with  a  thin  plastic  membrane.  The  site  was 
located  near  the  sanitary  wastewater  treatment  plant  and  the  spare  parts 
"Junkyard"  for  some  of  the  vehicles  repaired  on  the  Depot. 
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Site  preparation  at  Z-2  Involved  building  a  gravel  road  to  the  site  which 
could  be  used  for  access,  truck  preparation  and  loading.  The  road  entered 
the  area  beside  the  sanitary  treatment  plant  and  continued  into  an  elongated 
loop  at  the  waste  pile.  The  road  was  made  of  coarse  gravel  (several 
different  grades)  which  allowed  easy  drainage  and  high  durability. 

Prior  to  the  excavation  efforts,  the  entire  waste  pile  and  associated  work 
zones  were  ringed  with  a  warning  banner  mounted  on  wooden  laths  to  restrict 
any  unauthorized  entrance  Into  the  area.  This  barrier  was  sufficient  since 
Z-2  was  located  In  a  rather  remote  area  with  low  traffic,  and  Depot  personnel 
had  been  briefed  as  to  the  operations  at  the  waste  pile.  The  warning  banner 
was  maintained  throughout  the  duration  of  the  excavation  operations. 

A  decontamination  area  was  established  at  the  site.  An  on-site  supply 
trailer  housed  equipment  and  tools,  such  as  shovels,  carpentry  tools,  eye 
wash  and  shower,  spare  safety  equipment,  gloves,  and  protective  coveralls. 
The  trailer  was  parked  on  the  far  side  of  the  loop  awqy  from  the  waste  pile. 
Vlsqueen  which  was  be  used  to  line  the  inside  of  the  dump  truck  bodies  was 
held  on  a  rack  at  the  rear  of  the  trailer.  This  rack  was  designed  for  ease 
of  operation  In  unrolling  and  cutting  the  appropriate  length  of  liner  to  fit 
each  truck. 

Excavation  at  Site  Z-2  began  on  Movenber  16,  1982.  The  waste  pile  consisted 
of  solid  materials  from  a  dewatered  Industrial  waste  holding  lagoon  which  had 
contained  various  heavy  metals  and  organic  solvents  used  for  electroplating 
and  degreasing  operations.  A  Caterpillar  977  tracked  front-end  loader  was 
used  to  remove  the  cover  and  waste  material  and  load  It  Into  the  waiting 
semi -dump  trucks. 

The  disposal  operations  at  Site  Z-2  proceeded  slowly  during  the  Initial 
stages  due  to  difficulty  In  estimating  the  weights  of  the  loaded  trucks  prior 
to  their  leaving  Site  Z-2  to  be  weighed.  After  several  days,  however,  the 
operators  of  the  front-end  loader  were  able  to  estimate  the  quantity  of 
material  to  comprise  the  correct  load  limits  and  the  number  of  trucks 
processed  each  day  steadily  rose. 

Waste  excavation  and  removal  operations  continued  at  the  site  through  the 
beginning  of  January  1983.  During  this  period  a  number  of  days  were  lost 
irfien  the  site  was  closed  due  to  inclement  weather  conditions.  Harsh  weather 
also  made  it  necessary  to  place  a  berm  around  the  excavation  areas  to  contain 
any  runoff  from  the  potentially  contaminated  soils.  In  an  effort  to  minimize 
the  effects  of  the  rain  and  runoff,  the  open  face  of  the  excavation  was 
covered  at  the  end  of  each  day's  operation  with  a  vlsqueen  liner  which  was 
sandbagged  around  the  edges  to  secure  It  In  place. 

As  a  result  of  the  preventive  measures  taken  at  the  loading  area, 
decontamination  of  the  transport  vehicles  was  minimized.  The  heavy  equipment 
used  to  excavate  the  site  was  moved  to  Site  Z-l  where  It  was  either  used 
Immediately  on  the  site  or  decontaminated  at  the  washdown  facility  prior  to 
movement  off  the  Depot.  Site  personnel  underwent  decontamination  each  time 
they  exited  from  a  contaminated  work  zone.  The  decontamination  consisted  of 
a  washdowt  and  rinse  In  a  series  of  water-based.  Inorganic  "stripping* 
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compounds.  TWo  dtcon  solutions  were  utilized:  the  first,  •  solution 
containing  5  percent  sodium  carbonate  (NS2CO3)  end  S  percent  trisodium 
phosphite  (1102^04);  the  second,  a  solution  containing  10  percent 
trl sodium  phosphate  (1103204).  Coveralls  worn  by  the  site  workers  were 
disposed  of  dally  to  prevent  any  spread  of  con  tael  nation. 

Spent  wash  water  and  decontaml  nation  solutions  were  piped  to  the 
decontamination  pit  from  which  liquid  overflow  was  transferred  to  the  holding 
basin  of  Site  Z-1.  Analyses  of  the  liquids  In  the  holding  basin  were 
conducted  to  ensure  that  levels  of  contamination  did  not  exceed  parameters 
specified  In  the  State  Indirect  Discharge  Permit  Issued  to  Heston  for  this 
project.  Contents  of  the  holding  basin  were  transported  by  vacuum  truck  to 
the  East  Area  Wastewater  Treatment  Plant  at  Anniston  Army  Depot  for  discharge 
In  accordance  with  the  permit.  Sludges  which  collected  In  the 
decontamination  pit  were  combined  with  sludges  from  the  trenches  for  disposal 
at  the  RCKA-perml tted  hazardous  waste  facility. 

Site  Z-1  was  significantly  more  complex  than  Site  Z-2.  Site  Z>1  consisted  of 
seven  trenches  located  within  an  area  measuring  approximately  350*  x  400'. 
These  trenches  contained  burled  drummed  waste  sludges  from  operations 
employing  organic  solvents.  The  Z-1  site  was  located  In  a  saddle  between  two 
adjacent  hills  overlooking  the  Depot  from  the  northeast. 

Site  preparation  at  Site  Z-1  Involved  the  following  steps: 

1.  A  gravel  site  access  road  was  built  to  accommodate  the  truck 
traffic.  This  road  extended  around  the  site  and  bounded  the 
Inside  of  Trench  7  (the  furthest  from  the  command  area  and 
the  first  trench  to  be  excavated). 

2.  A  berm  approximately  two  feet  high  was  constructed  around  the 
periphery  of  the  entire  site  to  contain  any  contaminated 
runoff  from  the  site. 

3.  A  drum  staging  zone  consisting  of  a  berm  and  sectional  areas 
was  built  to  accommodate  any  Intact  drums  which  required 
sampling  and  special  disposal. 

4.  A  holding  basin  capable  of  containing  over  100,000  gallons  of 
liquid  was  built  to  serve  as  a  repository  for  all  decontami¬ 
nation  wash  waters,  contaminated  runoff  and  laboratory  wash 
water. 

5.  Erosion  control  measures  such  as  hay  bales,  swales  and  berms 
were  constructed  and  placed  to  direct  rain  water  and  runoff 
away  from  the  site  In  a  controlled  manner. 

6.  An  automatic  scale  for  weighing  the  trucks  was  Installed  In 
concrete  beds  In  the  command  area. 

7.  All  on-site  wiring,  plumbing,  and  carpentry  was  completed  to 
allow  the  semi -permanent  Installation  of  a  laboratory 
trailer,  a  supply  trailer,  a  decontamination  trailer,  a 
command  trailer,  and  a  decontamination  washdown  pad. 
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Excavation  of  the  burled  wastes  and  the  contaminated  soil  partitions  between 
the  trenches  was  accomplished  using  a  Caterpillar  245  backhoe.  The 
excavation  was  Initiated  at  Trench  7  and  proceeded  sequentially  across  the 
site  to  Trench  1. 

As  the  excavation  progressed,  the  access  road  was  reestablished  using  fresh 
gravel.  Figure  4  depicts  the  truck  routing  at  Size  Z-l.  The  same  general 
operating  sequence  used  at  Site  Z-2  was  used  at  Site  Z-l  and  proceeded  as 
follows: 


1.  Trucks  were  staged  In  cleared  fields  several  hundred  yards 
from  the  site.  Safety  chains  were  attached  and  tightened, 
tarps  were  placed  In  their  cradles,  and  the  trucks  were  given 
a  safety  Inspection  by  the  driver. 

2.  Using  C8  radios,  the  drivers  were  Instructed  to  proceed  to  the 
truck  preparation  area.  Two  technicians  and  the  vlsqueen 
liner  rack  were  stationed  on  a  scaffold.  The  scaffold 
eliminated  unnecessary  climbing  on  the  trucks  and  expedited 
truck  preparation.  The  trucks  were  positioned  beside  the 
scaffold  and  the  technicians  lined  and  fastened  the  vlsqueen 
to  the  Inside  of  the  temp  body* 

3.  The  truck  proceeded  to  the  loading  zone.  Each  truck  was 
positioned  to  permit  loading  by  the  backhoe  from  the  rear. 

Due  to  the  backhoe's  Increased  accuracy  In  placing  material, 
deflector  boards  were  not  necessary  to  protect  the  truck 
wheels  from  contamination.  On  the  few  occasions  when  very  wet 
material  was  encountered  during  the  excavation,  the  tires  were 
covered  with  vlsqueen  to  prevent  spillage  from  the  bucket 
contacting  the  wheels. 

4.  Subsequent  to  loading,  the  trucks  proceeded  to  the  tarping 
area.  The  technicians  at  the  tarping  zone  were  located  on 
scaffolds  which  greatly  Increased  their  productivity  and 
significantly  reduced  worker  fatigue  and  the  hazard  of  falling 
off  the  trucks. 

5.  After  the  trucks  were  tarped,  they  were  weighed  at  the  scale 
and  either  returned  to  the  loading  zone  for  mere  material  (or 
for  the  removal  of  material)  or  were  released  to  proceed  to 
the  disposal  site  at  Gaelic,  Alabama. 

SAFETY  AND  AM  MONITORING  PROGRAM 

An  extensive  safety  program  was  designed  for  the  ANAO  project.  The  program 
was  detailed  In  the  Project  Safety  Flan  which  was  approved  by  the  Contracting 
Officer  and  subsequently  Implemented  for  the  duration  of  the  site  activities 
at  ANAO.  The  program  included  personnel  training,  use  of  protective 
clothing,  a  respiratory  protection  program,  an  exposure  monitoring  program, 
and  medical  surveillance. 
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Personnel  training  for  th«  AN AD  projoct  Involved  preliminary  hazardous  waste 
training,  site  specific  safety  training,  first  aid  Instruction,  and  dally 
safety  aoetlngs  for  all  on-site  personnel.  The  training  emphasized  the 
hazards  present  at  the  site,  as  well  as  the  physical  hazards  associated  with 
heavy  equipment  and  construction-related  work.  The  training  also  stressed 
the  nethods  used  to  minimize  these  hazards  and  energetic/  procedures  to  be 
followed  In  the  event  of  a  mishap.  Safety  meetings  were  held  dally  prior  to 
starting  wort  to  discuss  relevant  events  which  occurred  the  previous  day  and 
to  brief  Me  work  crew  on  the  Intended  plan  of  operation  for  the  day.  These 
meetings  served  to  anphaslze  the  safety  requirements  of  the  project  and  to 
maintain  a  high  level  of  safety  consciousness  on  the  part  of  the  work  crew. 

Protective  clothing  for  the  work  activities  was  based  upon  known  and 
suspected  chemical  and  physical  hazards  at  the  site.  An  Initial  hazard 
analysis  of  the  site  was  performed  In  accordance  with  the  approved  Safety 
Plan.  The  OSHA  permissible  exposure  limits  (PELs)  and  the  American 
Conference  of  Governmental  Industrial  Hygienists  (AC6IM)  threshold  limit 
values  (TLVs)  for  the  contaminants  of  concern  wore  utilized  In  all  decision 
related  to  personal  safety.  Specific  action  levels  were  as  follows: 

0  -  5  ppm  above  background  level  C 

5  -  500  ppm  above  background  Level  B 

500  -  1000  ppm  above  background  Level  A 

The  basic  safety  equipment  Included  a  modified  Level  C  protection  which 
consisted  of  Tyvek  coveralls;  steel-toed,  steel-shank  PVC  work  boots;  PVC 
heavy-duty  gloves;  and  hard  hat  with  a  face  shield.  The  Tyvek  garment  was 
fastened  around  the  outside  of  the  boots  with  duct  tape  to  prevent  liquids 
from  entering  the  boot.  Ourlng  the  cold  months,  a  cloth  coverall  was 
occasionally  worm  over  top  of  the  Tyvek  garment. 

The  respiratory  protection  program  Involved  several  pieces  of  equipment. 
Ourlng  the  Initial  entry  Into  Sites  Z-l  and  Z-2  the  hazard  presented  by 
airborne  contaminants  was  unknown,  therefore  supplied  air  was  used  by  all 
crew  mashers.  The  supplied  air  systems  consisted  of  Self-Contained  Breathing 
Apparatus  (SCBA)  and  airline  respirators  connected  to  large  air  cylinders. 
The  airline  respirators  were  used  by  crew  members,  such  as  the  truck 
preparation  technicians,  whose  duties  did  not  require  a  great  deal  of 
mobility. 

The  level  of  air  contamination  at  each  site  was  determined  through  the  data 
provided  by  the  Foxboro  Wren  Ml  Infrared  Analyzer  and/or  the  Century 
Organic  Vapor  Analyser  (OVA).  When  the  level  of  contamination  was  determined 
to  be  within  the  allowable  limits  for  safe  use  of  cartridge  respirators,  as 
defined  In  the  approved  Safety  Flan,  the  level  of  protection  was  downgraded 
and  half-face  organic  vapor  cartridge  respirators  were  used.  (It  Mould  be 
noted  that  crew  members  using  supplied  air  operated  the  trucks  during  the 
Initial  entry  phases.  Only  after  the  level  of  protection  was  downgraded  ware 
the  regular  truck  drivers,  trained  In  Me  use  of  their  respirators,  allowed 
to  drive  their  trucks  Into  the  loading  zone. ) 
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Air  nonltorlng  was  conducted  continuously  at  tha  excavation  fact  of  Site  Z-1 
by  the  Mlran  801  Infrared  Analyzer  and  in  the  various  work  zones  to  Monitor 
the  air  quality.  On  several  occasions  during  the  excavation  of  Site  Z-1 
organic  concentrations  In  the  air  In  the  1  Mediate  vicinity  of  the  excavation 
exceeded  the  IlMlts  specified  for  Level  C  protection.  At  those  tines  It 
becane  necessary  for  the  site  crew  to  revert  to  Level  8  (supplied  air) 
protection  as  specified  In  the  approved  Safety  Plan.  The  backhoe  operator 
and  the  technicians  working  at  the  active  excavation  face  were  the  only 
workers  who  operated  In  areas  where  high  concentrations  of  organics  occurred 
with  regularity.  The  technicians  handling  the  tarping  operations  cane  In 
closest  contact  with  the  actual  waste  Material  and  were  required  to  utilize 
Level  8  protection  on  several  occasions.  None  of  the  air  quality  excursions 
lasted  for  nore  than  two  hours,  after  which  cartridge  respirators  were  once 
again  safely  used.  It  Is  Important  to  note  that  the  exposure  Units 
previously  described  are  established  for  persons  without  respiratory 
protection.  Since  all  of  the  site  workers,  at  a  Minima,  wore  cartridge 
respirators  at  all  tines  when  In  the  work  zones,  they  were  never  actually 
exposed  to  these  levels. 

A  personnel  nonltorlng  systen  consisting  of  absorption  nedla  and  air  sanpllng 
punps  was  utilized  as  an  additional  source  of  Information  regarding  personnel 
exposure  to  the  organic  constituents  of  the  waste  Material  at  the  site.  The 
absorption  nedla,  idilch  consisted  of  two  charcoal  tubes  In  series  and  an 
Inplnger  which  contained  nethanol-sodlun  hydroxide  solution,  as  well  as  the 
sanpllng  punps,  were  worn  by  workers  In  the  various  activity  zones.  In 
addition,  a  nonltorlng  station,  consisting  of  the  sane  nedla  and  sanpllng 
punp  setup,  was  established  at  the  active  face  of  the  excavation.  The 
purpose  of  this  apparatus  was  to  collect  air  sanples  which  were  analyzed  at 
an  Industrial  hygiene  laboratory  to  calculate  tine-weighted  averages  for 
personnel  exposure. 

Prior  to  working  at  the  ANAD,  each  site  worker  was  required  to  undergo  a 
conpleto  physical  exanl nation  as  specified  In  the  approved  Safety  Plan.  The 
cxanl nation  was  to  establish  a  baseline  nodical  history  prior  to  work  at  the 
site  end  to  qualify  the  Individual  for  use  of  respiratory  protection  gear. 
Results  from  physical  exanl nations  conducted  at  the  completion  of  the  project 
Indicate  that  there  was  no  adverse  exposure  suffered  during  the  course  of  the 
excavation  activity. 

AIR  MONITORING  PROGRAM 

The  initial  site  hazard  assessment  established  airborne  content nants 
consisting  of  organic  compounds  as  the  greatest  potential  hazard  to  on-site 
personnel.  To  ensure  precise  nonltorlng  of  this  hazard,  an  exacting  air 
nonltorlng  progras  was  designed  and  Inplanented  at  the  project  site. 

In  accordance  with  U.S.  Any  specifications  for  the  ANAD  project,  a  three-way 
air  nonltorlng  program  was  developed.  The  progren  consisted  of: 

1.  A  site  perlneter,  near-reel  tine  air  quality  noniter. 

2.  A  continuous,  on-site,  real -tine  air  quality  uonltor. 
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3.  A  personnel  exposure  Monitoring  system  which  yielded  certified 
time-weighted  averages  (TWA's)  within  24  hours. 

In  order  to  satisfy  these  requirements,  a  variety  of  Instruments  and  sampling 
techniques  were  utilized. 

The  requirement  for  a  site  perimeter  air  Monitoring  systen  was  met  through 
the  use  of  a  Foxboro  Nlran  801,  a  user-programmable,  aultl -station  Infrared 
analyzer.  The  purpose  of  this  requirement  was  to  monitor  any  migration  of 
organic  vapors  from  the  work  site  which  might  be  occurring  as  a  result  of  the 
field  activities. 

Twelve  stations  were  located  around  the  periphery  of  Site  Z-l ,  each  30° 
apart  (from  a  center  point).  Each  of  these  stations  consisted  of  a  filtered 
hose  outlet  which  was  located  approximately  3*  above  ground  level  and 
connected  with  an  uninterrupted  length  of  tubing  around  the  site  to  the 
Infrared  analyzer.  A  separate  length  of  tubing  was  run  from  each  of  the 
sampling  stations.  The  stations  (and  sequence)  to  be  sampled  were  prograammd 
Into  the  machine  based  upon  the  wind  direction  (obtained  from  the  on-site 
weather  station)  and  set  to  begin  cyclic  sampling  for  aromatic  Hydrocarbons 
resembling  benzene,  chlorinated  hydrocarbons  resembling  chloroform,  and 
phenol-like  compounds  resembling  pure  phenol.  These  three  compounds  were 
chosen  as  representative  of  the  organic  contaminant  families  which  were 
expected  to  be  found  at  the  site.  A  vacuum  pump  pulled  representative  air 
samples  through  the  tubing  and  Into  the  Infrared  analysis  cell. 

Data  resulting  from  the  analyses  were  printed  on  the  programing  terminal. 
Each  sampling  required  approximately  2.5  minutes;  In  this  manner,  a  near  real 
time  data  output  was  achieved.  The  data  output  listed  station  number,  time 
of  analysis,  and  concentrations  of  benzene,  chloroform,  and  phenol  In  the 
sampled  air  parcel. 

The  hi  ran  801  was  calibrated  each  day  using  laboratory  standardized  gases  at 
various  concentrations.  The  machines  underwent  a  rigid  certification 
procedure  by  USATHMA  to  verify  the  quality  of  the  data  obtained  from  It. 
The  calibration  procedure  consisted  of  connecting  the  laboratory  standard 
gases  to  the  sampling  station  furthest  away  from  the  analyzer  (Station  Mo.  7, 
approximately  800  feet  away)  and  comparing  the  machine  print  out  values 
against  the  known  concentration  of  the  standard  gas. 

The  results  from  the  hi  ran  801  analyses  showed  minimal  off-site  organic  vapor 
migration.  On  occasion,  a  station  was  sampled  Just  as  a  loaded  truck  was 
passed  and  a  high  value  was  recorded.  Alans  levels  besed  on  established  safe 
limits  wore  progr— id  fete  the  machine  which  activated  an  audible  alarm 
whenever  the  levels  were  exceeded.  This  alarm  sounded  several  times  during 
the  course  of  the  project.  la  each  case  the  circumstance  which  activated  the 
alarm  was  of  short  duration. 

The  results  of  this  air  monitoring  program  indicated  that  there  was  minimal. 
If  any,  exposure  of  eff-slte  personnel  resulting  from  the  migration  of 
organic  vapors.  The  limited  escape  of  concentrated  levels  of  organic  vapors 
from  the  site  can  largely  be  attributed  to  the  relatively  lew  evolution  of 
h10t  concentration  vapors  generated  by  the  work  activity,  as  well  as  the  high 
rate  of  dilution  which  resulted  from  the  wind  and  open  atmosphere  of  the  site. 
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The  second  «1r  monitoring  Instrument  tint  was  used  at  the  site  ms  the 
Century  Organic  Vapor  Analyzer  (OVA).  This  Instrument  Is  a  lightweight, 
portable  flame  Ionization  detector  which  was  used  as  a  supplement  to  the 
Mlran  SOI  to  provide  real-time  data  on  air  quality  In  the  various  work 
zones.  The  OVA  operates  by  sampling  the  air  continuously  via  an  Internal 
battery-run  pump.  The  air  sample  Is  routed  to  a  flame  Ionization  chamber 
where  It  Is  mixed  with  a  stream  of  hydrogen  gas  and  burned.  An  electrode  In 
the  flame  Ionization  chamber  detects  the  amount  of  "burning"  (or  Ionization) 
occurring  and  registers  this  as  the  amount  of  total  organic  vapor  In  the  air 
stream.  The  results  arc  registered  on  a  hand-held  meter.  When  the  OVA  Is 
operated  In  this  fashion.  It  Is  termed  the  Survey  Node  and  provides  an 
Instantaneous  (approximately  two-second  lag  time)  readout  of  the  apparent  air 
quality  In  any  given  area. 

The  OVA  ms  used  by  the  Site  Safety  Officer  to  measure  general  air  quality  at 
the  various  work  stations  on  the  site.  It  ms  used  principally  at  the 
excavation  face  to  monitor  the  Instantaneous  release  of  organics  as  the 
burled  Mstes  were  uncovered.  The  measurements  were  used  by  the  Site  Safety 
Officer  as  supplemental  Information  to  the  Nlran  801  data  to  ensure  personnel 
protection  on  the  site.  The  OVA  ms  also  used  during  the  Initial  entry 
operations  to  augment  the  Nlran  801  data  to  assist  In  the  decision  logic  of 
whether  air  quality  met  the  OSHA  limits. 

The  OVA  ms  used  by  the  Site  Safety  Officer  to  assist  In  accurately  assessing 
the  nature  of  the  chemical  hazards  encountered  at  the  site.  This  mode  of 
operation  Is  termed  the  Gas  Chromatography  (GC)  mode  which  utilizes  standard 
gas  chranatography  packed  columns  and  allows  the  user  to  Inject  unknown  gas 
samples  Into  the  OVA  and  obtain  a  printed  chromatogram  which  Is  then  compared 
to  the  chromatograms  of  known  gas  standards. 

It  should  be  noted  that  use  of  the  OVA  was  not  a  contract  requirement  and 
that  the  methodology  utilized  ms  not  USATHANA  certified.  However  In 
circumstances  where  both  modes  of  analysis  were  utilized,  the  data  obtained 
from  the  OVA  ms  In  general  substantiated  by  the  Nlran  801.  The  Instrument 
provided  timely  Information  which  aided  In  the  field  decision  processes. 


The  third  component  of  the  air  monitoring  program  at  ANAO  ms  the  personnel 
monitoring  system  briefly  described  earlier,  laslcally,  this  system 
consisted  of  a  high-flow  and  low-flow  air  sampling  pump  which  pulled  air 
through  two  separate  capture  media.  The  two  media  were:  1)  two  carbon 
absorption  tubes  placed  In  series  to  capture  the  volatile  organics  and  t)  a 
methanol-sodium  hydroxide  solution  In  am  Implnger  to  capture  the  phenol 
vapors.  This  setup  ms  worn  ly  site  personnel  at  each  work  zone  for  the 
purpose  of  monitoring  a  time-weighted  exposure  to  the  measured  constituents. 
The  media  ms  placed  In  the  worker  breathing  zone.  In  addition,  a  permanent 
monitoring  setup  was  placed  In  the  backhoe  and  at  the  excavation  face  to 
measure  the  amounts  of  contaminants  at  these  two  locations.  The  sampling 
media  were  sent  by  bus  In  a  lock  box  to  Environmental  Health  Laboratories,  a 
certified  Industrial  hyglone  laboratory  located  In  Necon,  Georgia,  for 
analysis  each  day.  The  results  ware  then  sent  back  to  the  Site  Safety 
Officer  to  augment  the  Safety  flan  and  for  future  reference  In  WESTON’ s 
Corporate  Safety  Program. 
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CLOSURE 


In  order  to  complete  closure  of  the  two  excavation  sites  at  the  Anniston  Any 
Depot,  It  was  necessary  to  Implement  a  sampling  and  analytical  plan  to 
determine  the  concentrations  of  specific  residual  con teal nan ts  In  the  soil 
subsequent  to  excavation  operations.  The  level s"of  residual  contamination 
Indicated  whether  further  excavation  was  warranted ''mr  whether  closure  could 
be  Implemented.  The  original  Closure  Plan,  as  specified  by  the  Request  for 
Proposal,  required  that  the  entire  site  be  excavated  to  two  feet  below  the 
apparent  bottom  of  the  trenches  and  allowed  to  remain  exposed  to  the 
atmosphere  for  a  alnlaum  of  30  days  In  order  to  allow  residual  organics  to 
volatilize.  After  this  period,  representative  soil  samples  were  to  be 
obtained  and  analyzed  for  specific  contaminants  via  USATNAMA  certified 
methodology  to  establish  the  effectiveness  of  the  excavation  process. 

As  a  result  of  discussions  with  the  Alabama  Department  of  Environmental 
Management,  USATHAMA  and  the  Project  Officer  for  the  Corps  of  Engineers, 
WESTON  was  allowed  to  Implement  a  phased  closure  of  the  site.  In  this 
approach,  soil  samples  were  obtained  from  the  trenches  which  had  been 
previously  excavated  and  closure  procedures  were  approved  based  on  the 
results  of  the  analysis  of  these  soil  samples.  In  this  manner,  specific 
trenches  were  being  subjected  to  closure  operations  while  additional  trenches 
were  being  excavated.  These  procedures  allowed  optimal  use  of  on-site 
personnel  and  equipment.  Phased  closure  of  the  trenches  also  minimized  the 
area  of  excavation  which  was  subjected  to  the  high  Intensity  rainfall  that 
occurred  during  the  majority  of  the  excavation  activities,  thus  minimizing 
the  quantity  of  contaminated  stormwater  which  required  treatment  prior  to 
disposal. 

Individual  closure  plans.  Including  the  soil  analyses  of  the  specific  "trench 
areas  Involved,  were  submitted  to  State  personnel  for  written  approval  prior 
to  Initiation  of  actual  closure  procedures.  WESTON* s  authorization  \to 
Initiate  Individual  closure  activities  was  received  from  the  COE  site 
representative  only  after  written  approval  of  such  activities  had  been 
received  from  thestate  of  Alabama  Department  of  Environmental  Management. 

The  USATHANA  certified  soil  analysis  program  Indicated  that.  In  general,  soil 
contaminant  levels  fell  below  the  analytical  detection  limits  and  therefore 
most  areas  of  the  trench  bottoms  on  Site  Z-l  required  no  further  excavation. 
Isolated  areas  In  Trenches  4  and  1  demonstrated  elevated  organic 
concentrations.  Soil  from  those  areas  Indicating  a  potentially  high  level  of 
contamination  was  scraped  via  bulldozer  and  rsmovsd  with  a  backhoe  to  a  level 
of  approximately  two  feet  below  existing  grade  to  remove  residual 
contamination.  Post-excavation  readings  with  the  OVA  were  campers d  with  that 
of  b  act  ground  readings  In  the  ac1ean"  trench  areas.  When  these  readings 
approached  the  levels  consistent  with  background,  the  trench  area  was 
submitted  for  closure.  Upon  State  and  COE  written  approval,  the  trenches 
were  closed.  Isolated  sell  samples  wars  obtained  from  the  "hot  spots* 
Immediately  after  the  scraping  operation  and  submitted  along  with  the  samples 
obtained  pH  or  to  scraping.  These  samples  verified  the  OVA  results. 
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Ourlng  the  excavat lon/closure  proceedings,  contaal nation  was  prevented  froa 
Migrating  froa  working  areas  Into  previously  excavated  areas  by  aeans  of 
beras  and  vlsqueen  cover.  As  an  additional  Measure  to  ensure  reaoval  of  any 
potential  contaal nation,  the  bottoa  of  each  coapleted  trench  was  scraped 
prior  to  harrowing. 

After  all  trenches  were  excavated,  the  exposed  soil  was  harrowed  to  a  depth 
of  approxlaately  six  Inches  to  peralt  volatilization  of  any  reaalnlng 
contaal  nation.  After  an  exposure  period  of  at  least  two  weeks,  the  soil  was 
covered  with  a  vlsqueen  seal  until  closure  was  coapleted. 

DEMOBILIZATION  AND  SITE  RECLAMATION 

After  coapletlon  of  the  trench  excavation,  reaoval  of  all  other  potentially 
contaal na tad  soils  and  receipt  of  appropriate  approvals,  the  work  site  was 
deaoblllzed  and  the  reclaaatlon  prograa  was  Instituted.  The  objectives  of 
this  phase  were  to  clean  and  reaove  work  equlpaent  and  restore  the  disposal 
site  for  any  future  use. 

All  equlpaent  eaployed  within  the  original  zone  of  contaal  nation  (the  "hot 
zone")  was  dec on teal na ted  and  reaoved  froa  the  site.  Dec on teal nation 
activities  were  perforaed  on  the  existing  decontaal nation  pad.  All  visible 
contaal  nation  was  reaoved  by  application  of  high-pressure  water.  The  surface 
was  then  rinsed  with  an  appropriate  decontaal  nation  solution  as  defined  In 
the  Technical  Plan.  After  all  contaalnated  site  equlpaent  was  cleaned,  the 
decontaal nation  pad  was  washed  down. 

All  potentially  contaalnated  Materials  within  the  "hot  zone"  were  reaoved 
prior  to  daaoblllzatlon.  Materials  within  the  holding  pond  were  solidified 
and  the  contaalnated  pond  sedlaent  was  excavated  for  disposal.  The  gravel 
road  leading  to  the  decontaal  nation  pad  was  excavated  for  disposal.  Any 
reaalnlng  Miscellaneous  Materials  which  could  have  been  potentially 
contaalnated  were  reaoved  for  proper  disposal. 

Mater  froa  decontaal  nation  activities  was  collected  In  the  existing  decon- 
taal nation  suap  and  transported  to  the  Depot  wastewater  treataent  facility. 

Sludges  reaalnlng  In  the  suap  were  reaoved  for  disposal  by  the  vacuus  truck. 
The  pad  was  bulldozed  and  loaded  onto  trucks  for  disposal  at  the  Depot  refuse 
disposal  facility. 

The  four  operations  trailers  adjacent  to  the  excavation  were  dlsaantled  and 
reaoved  to  the  truck  staging  area.  Upon  coapletlon  of  all  site  activities, 
they  were  ultlaetely  reaoved  froa  the  Depot.  The  coaaand  trailer  reaalned  in 
place  until  the  conclusion  of  all  site  activities,  including  reclaaatlon. 

After  all  contaalnated  Materials  were  reaoved  and  trailers  were  relocated  to 
the  staging  area,  reclaaatlon  of  the  site  was  Initiated.  Reclaaatlon 
consisted  of  construction  of  a  coapacted  cover  over  the  original  trenches, 
topographic  Modification  and  revegetation. 
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Borrow  Material  for  reclaaatlon  was  obtained  froa  areas  adjacent  to  the 
site.  The  hill  south  of  the  site  contributed  aost  of  the  borrow  Materials. 
Minor  aaounts  of  fill  were  obtained  from  areas  north  of  the  excavated  area. 

Materials  froa  the  borrow  area  were  reaoved  In  a  Manner  which  prevented  the 
destruction  of  existing  Monitoring  wells.  Excavation  In  the  vicinity  of  the 
wells  allowed  an  undisturbed  area  to  be  left  around  the  wells  to  prevent 
danage  by  heavy  equlpaent.  The  reMalnlng  soil  surrounding  the  wells  was 
reaoved  by  hand  to  a  level  equivalent  to  the  constructed  grade  elevation. 

Top  soil  for  final  covering  of  the  reclalMed  area  was  scraped  froa  the  hill 
south  of  the  site  and  stockpiled  for  later  use.  Underlying  soil  froa  the 
hill  was  then  excavated  for  use  as  fill. 

Noveaent  of  borrow  Materials  to  the  excavated  areas  was  accaapllshed  by  aeons 
of  two  pans.  Prior  to  Initiation  of  the  filling  operations,  the  teaporary 
gravel  road  north  of  the  site  was  scraped  and  the  gravel  was  reaoved  to  a 
storage  area  for  later  use.  The  original  road  was  regraveled  subsequent  to 
the  coapletlon  of  the  finished  grading. 

As  the  borrow  Materials  were  eaplaced  Into  the  trench,  they  were  coapacted 
with  a  sheepsfoot  roller.  The  roller  was  utilized  continuously  as  Materials 
were  delivered  to  the  site  to  provide  coapactlon  of  all  disturbed  soils. 
These  coapacted  clay  soils  provided  a  relatively  laperaeable  cap  for  the 
excavated  site. 

Materials  were  deposited  so  as  to  achieve  a  "naturalized"  topography.  The 
excavated  area  was  backfilled  to  fora  a  gentle  slope  (less  than  20:1).  The 
steeper  slope  will  confora  acre  closely  to  existing  natural  topography.  The 
overall  effect  of  the  grading  was  to  achieve  a  shallow  westward  slope  with 
approxlaately  parallel  contours  which  steepen  slightly  on  Its  western  edge  to 
peralt  good  drainage  over  the  site  Into  a  natural  drainage  way. 

After  the  final  contours  were  roughly  graded,  top  soil  was  spread  across  the 
site.  Top  soil  obtained  froa  adjacent  areas  was  eaplaced  uncoapacted.  across 
the  original  site. 

After  the  topsoil  was  eaplaced,  the  area  was  fertilized  with  600  pounds  per 
acre  of  13-13-13  fertilizer  and  agricultural  llae  was  added  at  4400  pounds 
per  acre.  A  seed  aixture  of  30  percent  Kentucky  31  Tall  Fescue  and  70 
percent  Nulled  lerauda  was  applied  at  60  pounds  per  acre.  The  seeded  area 
was  then  aulched  with  one  and  one  half  tons  per  acre  of  straw  or  hqy  aulch 
applied  slaultaneously  with  the  grass  seed. 
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INTRODUCTION 

The  u.S.  Army  Toxic  and  Hazardous  Materials  Agency  (USATHAMA), 
located  in  the  Edgewood  area  of  Aberdeen  Proving  Ground,  Mary¬ 
land  has  dual  Aray  responsibility  for  lethal  cheaical  demili¬ 
tarization  and  installation  restoration.  It  also  serves  as  the 
lead  agency  within  the  U.S.  Aray  Materiel  Development  and  Read¬ 
iness  Command  (DARCOM)  for  pollution  abatement  and  environmen¬ 
tal  control  technology  development. 

in  this  role,  USATHAMA  routinely  conducts  generic  research  and 
development  (RAD)  studies  with  wide  application  to  current  U.S. 
Army  environmental  problems.  The  Incineration  of  explosives  con¬ 
taminated  soils  ( I ECS)  project  is  an  example  of  one  of  the  many 
successful  RAD  efforts  USATHAMA  has  conducted  throughout  the 
years. 

BACKGROUND 

Large  quantities  of  wastewater  are  generated  during  the  manu¬ 
facturing  of  explosives  and  propellants;  the  loading,  assembly, 
and  packing  of  munitions;  as  well  as  demilitarisation  and  wash¬ 
out  operations.  These  wastewaters  (referred  to  as  "red  water” 
or  *pink  water*  due  to  their  characteristic  color)  contain  var¬ 
ying  concentrations  of  explosives.  Standard  practice  in  the  past 
has  been  to  dispose  of  these  wastewaters  in  settling  lagoons  at 
various  U.S.  Army  installations.  Although  current  practice  pro¬ 
vides  for  in-plant  treatment  of  these  wastewaters,  the  Inactive 
settling  lagoons  at  numerous  U.S.  Army  installations  are  a 
source  of  potential  groundwater  contamination. 
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USATHAMA  is  currently  evaluating  a  number  of  potential  remedial 
action  options  for  future  implementation.  One  option  has  emerged 
as  the  most  promising  in  the  near  term  (i.e.,  for  installations 
requiring  remedial  action  within  the  next  five  years).  This  op¬ 
tion  is  excavation  of  the  soils,  followed  by  thermal  processing 
in  a  rotary  kiln  incinerator.  The  U.S.  Army  routinely  inciner¬ 
ates  pure  explosives  and  propellants;  however,  previous  to  this 
project  this  technology  was  undemonstrated  on  explosives  con¬ 
taminated  soils. 

PROJECT  OBJECTIVES 

-The  objectives  of  the  Incineration  of  Explosives  Contaminated 
Soil a  ( IECS)  project  were  as  follows: 

<•;  The  primary  objective  of  these  tests  was  to  demonstrate 
the  effectiveness  of  incineration  as  a  decontamination 
method  for  explosives  contaminated  soils. 

•  The  secondary  objectives  of  the  project  was  to: 

-  Develop  a  data  base  and  appropriate  correlations 
for  designing  and  predicting  the  performance  of 
the  incinerator  as  a  decontamination  method; 

-  Determine  the  fate  of  the  explosives  and  metals 
in  the  contaminated  soils  during/after  incinera¬ 
tion;  ^  .  j 

-  Measure  pollutant  levels  in  the  stack  gas  to  de- 

'  termine  the  air  pollution  control  devices  that 

would  be  required  for  incinerators  that  may  be 
used  in  the  future  to  incinerate  explosives  con¬ 
taminated  8oilsw 


PROJECT  DESCRIPTION  \ 

In  August  1982,  USATHAMA  commissioned  Roy  P.  Weston,  Inc. 
(WESTON)  to  develop  and  implement  a  program  to  demonstrate  the 
effectiveness  of  rotary  kiln  incineration  in  decontaminating 
explosives  contaminated  soils.  This  program  consisted  of  seven 
tasks: 

e  Task  1  -  Incineration  Equipment/Test  Site  Selection, 

e  Task  2  -  Soil  Characterisation/Reactivity  Testing, 

e  Task  3  -  Development  of  Detailed  Test  Plan/ Safety  Plan, 
e  Task  4  -  Environmental  Permitting. 

a  Task  5  -  Evaluation  of  Materials  Handling  Procedures, 

a  Task  6  -  Incineration  Testing, 

a  Task  7  -  Evaluation  of  Results. 
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The  xscs  Project  Schedule  is  presented  in  Figure  1.  The  follow¬ 
ing  subsections  summarise  the  results  of  the  previously  men¬ 
tioned  seven  tasks. 

INCINERATION  EQUIPMENT/ TEST  SITS  SELECTION 

After  a  comprehensive  survey  of  rotary  kiln  manufacturers  to 
determine  the  availability  of  appropriately  sited  test  units, 
ThermAll,  Inc.  of  Peapack,  New  Jersey  was  selected  as  the  in¬ 
cinerator  subcontractor  for  the  project.  A  major  innovation  of 
this  project  was  the  decision  to  use  a  "transportable*  inciner¬ 
ator  (i.e.,  equipment  disassembled,  loaded  on  trucks,  shipped 
to  the  test  site,  and  reassembled)  as  opposed  to  a  "mobile"  in¬ 
cinerator  (i.e.,  truck  mounted)  or  shipment  of  the  contaminated 
soils  to  a  commercial  facility. 

The  test  site  selected  was  a  U.S.  Army  installation  in  Illinois 
which  provided  the  following  advantages: 

e  Remote  location  well  isolated  from  populated  areas, 
e  Close  proximity  to  contaminated  soils, 
e  Well  controlled  access  and  security. 

SOIL  CHARACTBRI IATIOM/RBACTIVITY  TESTING 

in  order  to  maximise  the  usefulness  of  the  results  of  the  proj¬ 
ect,  USATHAHA  decided  to  test  contaminated  lagoon  soils  from  two 
separate  installations  with  widely  varying  characteristics  (see 
Table  1).  The  two  installations  selected  provided  ranges  of  soil 
characteristics  typical  of  most  other  U.S.  Army  Installations. 
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Table  l 


Character let  ice  of  explosives  Contaminated  soils 


Description 

Soil  Type  “A* 

Soil  Type  "B* 

Soil  Matrix 

Sand 

Clay 

Moisture  content 

12  -  2(1 

25  - 

30% 

Ash  Content 
(as  received) 

44  -  83% 

54  - 

66% 

Explosives  Content1 
(dry  basis) 

-  TNT 

9  -  41% 

5  — 

14% 

-  RDX 

<0.02% 

3  - 

10% 

-  HMX 

Not  Detected 

0.6  - 

1.4% 

-  Other 

<0.03 

<0.06% 

-  Total  Explosives 

9  -  41% 

10  - 

22% 

Heating  Value 
(as  received) 

50  -  2*400  Btu/lb 

600  - 

1*200  Btu/lb 

*See  Table  2  for  the  molecular  structures  of  the  explosives. 
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Th«  contaminated  lagoon  soils  are  hazardous  because  they  exhibit 
the  characteristic  of  reactivity  (i.e.,  potential  for  detonation 
or  explosion).  Testing  conducted  at  Allegany  Ballistics  Labora¬ 
tory  (ABL)  in  Cumberland,  Maryland  confirmed  that  the  lagoon 
soils  are  reactive  and  that  special  precautions  mere  required  in 
developing  materials  handling  procedures  and  equipment  design. 

DEVELOPMENT  OP  DETAILED  TEST  PLAN/ SAFETY  PLAN 

In  order  to  provide  for  meaningful  evaluation  of  the  incinera¬ 
tion  test  results,  a  test  plan  was  developed  and  certain  key 
parameters  were  selected  to  be  controlled  and  held  at  various 
levels  during  the  testing.  These  key  parameters  were: 

e  Soil  feed  rate. 

e  Temperature  in  the  primary  combustion  chamber, 
e  Temperature  in  the  secondary  combustion  chamber. 

These  key  parameters  were  selected  since  they  directly  relate 
to  the  economics  of  incineration  (i.e.,  how  much  can  be  burned, 
now  quickly  can  it  be  burned,  and  how  much  fuel  is  required?). 

Other  test  variables  were  held  constant  to  the  extent  possible. 
Test  variables  that  could  not  be  held  constant  were  measured 
during  the  test  as  illustrated  in  the  test  plan  schematic  dia¬ 
gram  (Figure  2). 

Prom  the  outset,  USATHAMA  assigned  personnel  safety  the  highest 
priority  for  this  project.  In  this  regard,  a  detailed  site  plan 
and  safety  submission  were  developed  and  reviewed  and  approved 
by  the  Department  of  Defense  Explosives  Safety  Board. 

EH V IBOHMBMTAL  PERMITTING 

Recognising  the  importance  of  Federal  and  state  environmental 
concerns,  the  ZBCS  project  was  structured  to  be  fully  responsive 
to  the  requirements  of  the  Resource  Conservation  and  Recovery 
Act  ( RCRA)  of  1974  and  the  Illinois  Air  Pollution  and  Hazardous 
waste  Management  Regulations.  As  shown  in  the  project  schedule, 
the  environmental  permitting  was  an  extremely  rigorous  and  time- 
consuming  process. 
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EVALUATION  OP  HATERIAL8  HANDLING  PROCEDURES 

The  primary  objective  of  this  task  was  to  evaluate,  design,  and 
implement  Materials  handling  procedures  that  emphasised  person* 
nel  and  environmental  safety.  There  were  four  major  goals: 

e  Minimise  personnel  contact  vith  the  lagoon  soils. 

e  Avoid  confining  the  lagoon  soils  (which  could  lead  to 
detonation) . 

e  Avoid  any  initiating  forces  (i.e.,  friction,  heatt^ 
under  confinement,  etc.). 

e  Contain  any  spills  and  minimise  contamination  of  clean 

areas. 

The  tsst  plan  was  developed  assuming  the  use  of  a  screw  conveyor 
to  feed  the  contaminated  soils  into  the  incinerator.  However, 
subsequent  soil  reactivity  testing  at  ABL  led  to  cancellation  of 
the  screw  conveyor  due  to  safety  considerations.  A  soils  han¬ 
dling  protocol  and  a  bucket  faed  system  was  designed  specifical¬ 
ly  for  this  test  program  which  net  all  of  the  test  objectives 
and  safety  requirements.  During  the  course  of  the  test  program, 
the  feed  system  cycled  over  4,000  times  without  a  single  fail¬ 
ure.  The  bucket  feed  system  is  illustrated  in  Figure  3. 

INCINERATION  TESTING 


The  incineration  testing  commenced  on  19  September  1983.  Nine¬ 
teen  daily  tests  were  completed  in  20  consecutive  calendar  days 
with  no  tine  lost  due  either  to  incineration  or  sampling  equip¬ 
ment  failure.  Table  3  provides  a  summary  of  the  test  conditions 
for  each  of  the  19  runs,  since  explosive  contaminated  soils  had 
never  been  Incinerated  before,  a  preliminary  test  run  (Test  Run 
No.  1)  was  conducted  at  the  proposed  maximum  feed  rate  (800 
pounds  per  hour)  and  proposed  minimum  primary  kiln  temperature 
(SOOop)  to  see  if  explosives  breakthrough  would  occur  in  the 
stack  gas.  No  explosives  were  detected  in  the  stack  gas;  how¬ 
ever,  explosives  were  detected  in  the  kiln  ash,  fabric  filter 
ash,  and  in  the  flue  gas  entering  the  secondary  chamber.  There¬ 
fore,  subsequent  test  runs  were  conducted  at  lower  feed  rates 
and  higher  primary  kiln  temperatures  to  ensure  that  explosives 
would  not  be  emitted  to  the  environment. 
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After  the  formal  testing  was  completed  on  8  October  1983,  an 
additional  25,000  pounds  of  lagoon  soils  were  incinerated  from 
10  to  15  October  1983  (64  actual  hours  of  incinerating  soils). 
The  objectives  of  burning  the  additional  lagoon  soils  were  two¬ 
fold: 

a  Thermally  treat  all  lagoon  soils  that  had  been  exca¬ 
vated  but  not  required  during  the  formal  testing. 

a  Determine  the  operational  characteristics  of  the  in¬ 
cinerator  system  under  a  long-term,  steady-state  pro¬ 
duction  mode  of  operation. 

RESULTS 

The  I  ECS  test  project  was  extremely  successful  as  demonstrated 
by  the  following  results: 

a  It  was  demonstrated  that  a  "transportable*  incineration 
system  could  be  disassembled,  transported  approximate¬ 
ly  1,000  miles,  be  reassembled,  and  fully  operational 
within  two  weeks. 

e  Nineteen  days  of  formal  testing  were  completed  within 
20  consecutive  calendar  days  with  no  lost  time  due  to 
equipment  failure. 

e  An  additional  six  days  of  operation  were  performed  at 
steady-state  conditions  with  no  downtime  due  to  equip¬ 
ment  failure  or  malfunction. 

e  An  explosives  destruction  efficiency  of  greater  than 

99.99  percent  in  the  primary  kiln  ash. 

e  An  explosives  destruction  efficiency  of  greater  than 

99.9999+  percent  in  the  fabric  filter  ash. 

e  No  detectable  explosives  in  the  stack  gas.  Therefore, 
an  overall  destruction  and  removal  efficiency  (DRE)  of 
100  percent. 

e  Stack  emissions  were  in  compliance  with  all  Federal  and 
state  regulations  including: 

-  sulfur  dioxide  (SO3), 

-  Hydrogen  chloride  (HC1). 

-  oxides  of  nitrogen  (NOx). 

-  carbon  monoxide  (CO). 

-  Particulates. 
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e  Ash  residues  ere  not  hsssrdous  due  to  the  characteris¬ 
tic  of  SP  toxicity  or  any  other  criteria,  and  applica¬ 
tion  has  been  *ade  to  the  Illinois  £PA  to  land  apply 
the  ash  residues  in  an  area  adjacent  to  the  incinera¬ 
tion  test  site. 
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POLYMERIC  LZMER  SELECTION 
FOR  MILITARY  WASTE  IMPOUNDMENTS 

Jonathan  W.  Braswell,  Gregory  M.  Gibbon*,  Timothy  G.  Shaa,  Fh.D. 

Bngi n««  r i ng -Sci a nc* 

10521  Roaahavmn  Street 
Fairfax,  Virginia  22030 
(703)  591-7575 


INTRODUCTION 

Tha  uaa  of  polymeric  membrane  liners  to  line  or  cep  waste  impound¬ 
ments  is  receiving  increasing  attention.  The  liners  ere  essentially 
impermeable  to  water  and  thus  are  assumed  to  be  capable  of  providing 
complete  containment  of  the  waste  fluids i  however,  while  polymeric 
membrane  liners  have  been  used  successfully  for  many  years  in  water 
impoundmen ts ,  little  experience  is  presently  available  for  the  use  of 
these  liners  with  wastes.  Of  particular  concern  is  the  effect  of  the 
contained  waste  on  the  physical  properties  of  the  liner  material  -^the 
compatibility  of  the  liner  with  the  westa.  Moreover,  the  compatibility 
testing  performed  to  date  has  utilised  methodologies  unique  to  each 
investigation,  and  published  results  tend  to  be  general  and  inconclu¬ 
sive. 

'Until  the  last  decade,  lagoohing  was  the  accepted  method  of 
dispoael  of  wastewaters  from  the  manufacture  of  munitions.  As  a  result, 
explosive  compounds  such  as  TNT  end  RDX  ere  found  in  many  of  the  lagoons 
that  have  been  used  by  the  Arm y  for  this  purpose.  Because  these 
compounds  have  been  defined  as  hasardous  under  RCRA,  it  nay  be  necessary 
to  resows,  transport  or  dispose  of  the  lagoon  sediments  or  the  residuals 
from  the  treatment  of  these  sediments  from  many  of  the  lagoons. 

It  was  assumed  that  synthetic  liners  would  be  used  in  many  of  these 
clean-up  operations,  but  synthetic  membrane  liners  nay  or  may  not  be 
compatible  with  the  chemical  compounds  found  in  these  sediments.  Based 
on  existing  compatibility  data,  there  is  reason  to  be lie vs  that  solvents 
such  as  ICE  would  be  deleterious  to  the  service  life  of  commercially 
available  synthetic  membrane  liners.  The  available  information  on  the 
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compatibility  of  synthetic  liMri  with  the  explosives  such  as  T*T  and 
RDX  is  Limited  and  contradictory. 

Tha  dasoribad  work  was  parforaad  for  tha  Uhl  tad  States  kray  Toxic 
and  Hazardous  Materials  Agency  as  part  of  their  Xn-8itu  Traataant 
Technology  Program.  'This  work  was  dona  to  provide  initial  polymeric 
liner  compatibility  data  for  selected  explosives  and  solvents,  in  order 
to  date rains  the  applicability  of  polyaerlc  liners  for  the  cleanup  and 
restoration  of  iapoundaents  containing  wastes  froa  the  manufacture  of 
explosives » 

MANUFACTURE  OF  POLYMERIC  LINERS 

The  synthetic  liner  industry  has  a  distinct  three-step  hierarchy, 
and  a  knowledge  of  the  organisation  and  flow  of  goods  in  the  Industry  is 
necessary  for  the  selection  of  candidate  liners  for  coapatibillty 
testing.  The  three  levels  in  the  Industry  aret 

1.  Manufacture  of  resins i 

2.  Manufacture  of  roll  goods;  and 

3.  Fabrication  of  sheets. 

A  single  company  aay  perform  acre  than  one  of  these  functions.  Some 
roll  good  producers  also  fabricate  sheeting  or  manufacture  their  own 
resin.  In  general,  however,  the  manufacturing  process  follows  the  above 
sequence. 


Synthetic  liners  are  classified  by  the  base  polymer.  In  blends  or 
alloys  the  main  polymer  is  used  for  classification .  Dus  to  the  a pacific 
foramlatlon  produced  by  each  manufacturer,  the  properties  of  one 
aanufaeturer's  resin  aay  differ  from  the  saaa  type  of  resin  produced  by 
another  aaauf acturer .  Resin  aanufacturers  produoe  the  raw  materials 
(polymers)  that  form  the  base  of  the  asabrane.  To  the  basic  polymer 
(e.g.,  polyvinyl  chloride  or  chlorinated  polyethylene),  the  resin 
aanufacturers  add  compounding  ingredients  specific  to  their  formulation. 
Confounding  ingredients  include  plasticisers,  cross linking  (vulcanising) 
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chemicals,  carbon  black,  pigments,  fillers,  biocidas  and  antidegradenta . 
Tha  raain  la  sold  Co  a  roll  good  producer  or  used  internally. 

Roll  good  Manufacturers  use  tha  resin  to  produce  rolls  of  liner 
material.  The  roll  good  Manufacturer  will  add  to  the  resin  additional 
coepounding  ingredients  specific  to  his  fornulation  and  then  fore  this 
Mixture  into  rolls  of  Material.  The  Material  is  either  extruded  or 
calendered  (rolled)  into  panels  four  to  six  feet  wide  and  of  varying 
length.  Roll  goods  (liners)  are  produced  either  with  or  without  rein¬ 
forcing.  Unreinforced  (unsupported)  liners  are  calendered  or  extruded 
in  varying  thicknesses.  Typical  thicknesses  for  aost  cossMrcial  liners 
are  15,  30  and  45  Mils.  Thicker  liners  are  aade  by  plying  sheets  of 
Material.  Reinforced  (supported)  liners  can  only  be  Made  by  calen¬ 
dering.  A  fabric  (weave)  is  sandwiched  between  two  layers  of  the 
nenbrane  Material.  The  normal  thickness  for  a  reinforced  liner  is  36 
ails. 


Each  Manufacturer  of  roll  goods  adds  compounding  ingredients  for 
their  specific  formulation;  therefore,  the  characteristics  of  liners  in 
the  sane  class  nay  vary  from  one  Manufacturer  to  another.  Additionally, 
the  compatibility  of  different  Manufacturers'  products  nay  differ  with  a 
given  chemical,  tenperature  and  exposure  environment. 

The  final  step  in  construction  of  aost  nenbrane  liners  is  the 
fabrication  of  large  sheets  of  Material.  A  sheet  fabricator  seams  rolls 
of  liner  Material  into  large  panels,  often  70  to  100  feet  wide  and  of 
varying  length.  The  length  is  dependent  on  aaximua  total  weight  allowed 
for  transport  and  for  ease  of  Installation.  The  panels  are  made  as 
large  as  practical,  utilising  as  many  factory  seams  and  as  few  field 
eeams  as  possible.  Minimising  the  nuaber  of  field  seams  both  facili¬ 
tates  installation,  and  factory  seaae  are  preferable  to  field  seams 
beoause  they  are  aade  under  controlled  conditions  and  thus  are  of  better 
quality. 

For  high  density  polyethylene  ( HDRI ) ,  there  is  no  production  of 
roll  goods  snd  subsequent  factory  seaming  to  febrieate  sheets.  HOPE 
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sheets  ere  extruded  directly  at  widths  of  22-1/2  and  34  foot  without 
i cans.  1)mh  ahaata  ara  than  aaaaad  in  tha  fieK"  during  installation. 

Tha  saw  in  a  Linar  oftan  ara  tha  waakast  point.  Seaming  tech¬ 
niques  vary  with  Linar  aatarlal,  fabricator  and  installar  prafaranca.  A 
briaf  definition  of  tha  five  cowon ly  used  seaming  techniques  follows 

o  Thermal  Maid  -  tha  process  of  joining  thermoplastic  sheets  by 
tha  heating  of  areas  in  contact  with  each  other  to  tha  tempera¬ 
ture  at  which  fusion  occurs.  Tha  process  is  usually  aided  by  a 
controlled  pressure. 

o  Dielectric  Maid  -  a  heat  weld  where  tha  heating  is  induced 
within  sheets  by  means  of  radio  frequency  waves. 

o  extrusion  Meld  -  a  heat  weld  where  molten  membrane  material  is 
Injected  into  tha  seam.  extrusion  wlds  are  used  with  HOPS 
liners. 

o  Solvent  Meld  -  the  process  of  joining  sheets  by  applying  a 
solution  of  the  liner  compound  emulsified  in  a  solvent  to  areas 
in  contact  with  each  other.  The  solvent  evaporates  leaving  a 
homogenous  wald  of  the  liner  material,  usually  aided  by 
controlled  pressure. 

o  Adhesions  -  the  process  of  joining  sheets  using  specifically 
formulated  flues  to  form  a  bond  or  seal,  usually  aided  by 
controlled  pressure. 

LOUR  TYPBS 

Lasers  are  classified  by  the  main  polymer  utilised  in  their  formu¬ 
lation.  Table  1  is  a  description  of  the  to  liner  types  commercially 
available  today  and  includes  the  abbreviation  used  for  each.  These 
liners  are  typically  used  for  lining  ponds  and  lagoons  (except  for 
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polypropylene).  The  composition  and  nUtin  advantages  and  disadvan¬ 
tages  for  each  type  of  Una?  are  also  suamarised  in  Table  1. 

Table  2  is  a  listing  of  the  roll  good  producers  (and  resin  manu- 
faeturers)  by  type  of  liner.  There  are  three  aain  producers  of  roll 
goods  for  PVC,  PVC-OS,  Bypalon  and  CPti  Mainline i  Fantasotes  and  B.r. 
Goodrich.  Two  resin  aanufactorers  supply  all  the  raw  materials  for 
Hyps  Ion  and  CPIi  Dow  (CPt)i  and  duFont  (Hypalon  will  be  aade  under  a 
duFont  patent  until  1985).  Ethylene  interpolyeer  alloy  (XR-S)  is 
produced  by  only  one  fire,  Shelter-Rite.  XR-5  is  a  patented  formulation 
of  Shelter-Rite  that  reportedly  has  enhanced  chemical  resistance 
properties.  IK*  is  the  only  rubber  liner  material  currently  produced 
by  more  than  one  roll  good  manufacturer*  namely,  B.r.  Goodrich  and 
Carlisle.  Rubber  liner  materials  have  been  replaced  in  general  usage  by 
the  more  resistant  plastic  formulations.  A  single  producer  of  poly¬ 
propylene  is  included i  General  Tire  using  Bsrcules  resin.  Polypro¬ 
pylene  is  currently  in  the  developmental  stage  for  use  in  lining 
lagoons.  Zt  is  widely  used  in  tank  lining  because  of  its  chemical 
resistance  properties*  however,  it  is  not  a  feasible  alternative  for 
lining  lagoons  today. 

EXISTING  COMPATIBILITY  DATA 

Manufacturers  are  the  primary  source  of  liner  compatibility  data. 
Data  is  developed  through  manufacturers'  specific  testing,  thus  there  is 
little  agreement  on  "compatibility  rating"  criteria  and  ratings  are 
often  unsubetantiated  with  hard  data.  As  detailed  later  in  this  paper, 
a  standard,  accepted  test  procedure  has  not  been  used  in  developing 
compatibility  data,  thus  it  is  difficult  to  compare  manufacturers •  data 
bases. 


General  product  material  compatibility  with  specific  compounds  is 
useful  la  preliminary  selection  of  liners  for  known  wastes  (with 
chemical  breakdesm  of  constituents).  The  Plastics  Technical  Evaluation 
Center  (PLA8TEC)  of  the  0.8.  Army  Armament  Research  and  Development 
Command  (AARAPCOM)  located  at  Pi os tinny  Arsenal  in  Dover,  Maw  Jersey  has 
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TABLE  2 

LIMBI  TYPES  AMD  MAJOR  MAM0FACTORERS 


t(OLL  0000 

TYPE 

PRODUCER 

RESZM 

B.  P.  Goodrich 

B.  P.  Goodrich 

PVC 

Mainline 

B.  P.  Goodrich 

Psnteeote 

Pantaaote 

B.  P.  Goodrich 

B.  P.  Goodrich 

PVC-OR 

Mainline 

B.  P.  Goodrich 

Psnteeote 

Pantaaote 

Stevens 

duPont 

Hypalon 

Psnteeote 

duPont 

(CSPE) 

B.  P.  Goodrich 

duPont 

Melnline 

Dow 

CPE 

Psnteeote 

Dow 

B.  P.  Goodrich 

Dow 

MOPE 

Sch lapel 

Sehlegel 

Gundle 

Phillips 

Ethylene 

Shelter-Rite 

Hooker,  Perro 

Interpol year 

Alloy 

ETON 

Cer lisle 

Proprietary 

B*  P.  Goodrich 

Butyl 

Car lisle 

Proprietary 

~~~ 

Carlisle 

duPont 

Polypropylene 

General  Tire 

Hercules 

SOOKCSi  Telephone  interviews  and  product  brochures 


don*  wtaniiTC  work  In  oMpiling  compatibility  data  Cor  polymers  with 
energetics.  Information  baa  boon  gathered  from  reports  and  organised 
into  a  computer  data  base  called  COM?  AT,  Kay  worda  are  used  to  retrieve 
the  results  of  pertinent  studies  Cor  a  polymer  material  combination. 

Table  3  is  a  summary  oC  the  results  oC  a  computer  data  base  search 
performed  by  PLASTIC  Cor  polymer  compatibility  with  TCI,  TNT  and  RDX. 
Results  oC  each  study  are  listed  by  PLASTIC  as  being  either  compatible, 
marginally  compatible,  or  incompatible.  There  ware  no  data  for  TCI 
compatibility  with  the  candidate  liner  types  and  data  Cor  TNT  and  RDX 
were  limited  to  PVC,  type  Ion,  HOPS,  KFOM  and  Neoprene.  Hype  Ion  and  HOPE 
ware  noted  as  compatible  Cor  TNT  in  the  studies)  however,  conflicting 
compatibility  results  were  reported  Cor  TNT  with  PVC,  IPOM,  and 
Neoprene.  KPOM  and  Neoprene  ware  noted  as  compatible  Cor  RDX,  while  the 
results  were  conflicting  Cor  PVC  and  8DPI  with  RDX. 

TUT  ULKTXON 

Even  when  a  polymeric  liner  has  been  properly  installed,  a  failure 
of  the  liner  can  result  Cron  loaa  of  liner  integrity  due  to  weathering 
or  incompatibility  of  the  liner  with  the  chemical  components  of  a  waste. 
The  selection  of  an  appropriate  liner  must  therefore  focus  on  the  degree 
to  which  the  candidate  liner  can  maintain  its  integrity  over  the 
projected  life  of  the  containment  facility.  Because  liner  performance 
data  are  limited,  selections  should  be  based  in  part  on  the  results  of 
exposure  tee ting  that  simulates  projected  conditions. 

An  exposure  teat  should  be  designed  ideally  as  an  accurate  model  of 
the  intended  application.  The  test  should  yield  sufficient  data  that 
the  results  can  be  projected  over  the  anticipated  life  of  the  facility, 
and  the  results  should  be  useful  for  prediction  of  actual  field  perfor¬ 
mance.  Unfortunately,  because  of  the  large  number  of  variables  that  can 
affect  liner  integrity  and  the  limited  field  data  available  on  liner 
perfomenoe,  no  such  liner  exposure  teat  has  been  developed.  As  a 
result,  it  la  necessary  to  utilise  a  teat  procedure  that  beat  reflects  a 
projected  expoeure  condition  and  long-term  liner  performance.  Moreover, 
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TABLE  3 

PLASTIC  COMPATIBILITY  DATA  SEARCH  RESULTS 


LINER 

TYPE 

Cbaalcal 

TCB 

TNT 

RDX 

PVC 

No  data 

Conflicting  data 

Conflicting  data 

PVC-OR 

No  data 

No  data 

No  data 

CPE 

No  data 

No  data 

No  data 

Bypalon 

No  data 

Coapa tibia 

No  data 

HOPE 

No  data 

Coops tibia 

Conflicting  data 

XR-5 

No  data 

Mo  data 

No  data 

EPOM 

No  data 

Conflicting  data 

Conpatlbla 

Naoprana 

No  data 

Conflicting  data 

Coops tibia 

SOURCE.  PLASTIC,  "A  Compatibility  Data  Search,  Plastic  Materials  vs. 
Energetics*,  3  June  1982,  ARBADCOH,  Plea tinny  Arsanal 


eh*  t**fc  procedure  should  b*  b*a«d  upon  *cc*pe*d  aethods  and  have 
sufficient  d*f ini cion  and  control  of  east  variable*  for  raprodoclbi 11  ey 
of  rasulea  and  eonparlson  with  rasulea  fron  other  easts. 

Liner  Exposure  Methods 

Liner  compatibility  testing  procedures  focus  on  the  aeehod  used  to 
expos*  the  liner  saaplas  to  the  test  waste.  Standard  procedures  for 
exposing  liner  saaplea  to  east  wastes  have  only  recently  been  developed. 
As  a  result,  a  wide  variety  of  exposure  nethods  and  test  variables  are 
still  being  used.  A  majority  of  the  liner  exposure  Methods  that  have 
been  used  are  adaptations  of  the  Aaerlcan  Society  for  Testing  and 
Materials  (AS1M)  Method  0-471  (Rubber  Property  effect  of  Liquids),  and 
ASTH  Method  D-543  (Resistance  of  Plastic*  to  Chemical  Reagents).  These 
l. emersion  testa,  which  are  summarised  In  Table  4,  have  been  used  for 
both  initial  and  long-tere  evaluation  of  liner  compatibility . 

In  this  type  of  test,  specimens  of  a  liner  are  iamersed  in  the  test 
waste  and,  after  given  exposure  tines,  the  liner  specimens  are  removed 
and  the  changes  in  weight,  dimensions  and  tanaila  properties  are  deter¬ 
mined.  Most  immersion  tests  use  the  same  Immersion  procedural  however, 
the  teat  temperature,  duration  and  evaluation  criteria  differ. 

Most  Immersion  tests  are  run  at  both  ambient  (23°C)  and  elevated 
temperatures.  The  elevated  temperature  is  intended  to  simulate  adverse 
conditions  end  to  accelerate  any  deleterious  effects  that  the  waste  may 
have  on  the  liner.  Unfortunately  there  Is  no  eonoenmus  am  to  what  this 
elevated  teaperature  should  be .  As  a  raault,  elevated  test  temperatures 
used  vary  from  50°c  to  100°C  for  tha  identified  tests.  Tbs  AJTM  methods 
recommend  exposure  of  materials  at  higher  temperatures  if  elevated 
temperatures  ere  expected  in  service. 

lech  iaaerelon  test  uses  a  different  test  duration.  The  exposure 
period  for  long-term  tests  tends  to  vary  from  one  Co  four  months i 
however,  exposure  periods  of  one  year  or  longer  have  bees  used.  In  ell 
oases  liner  aped mane  ere  tested  several  times  during  the  test  so  that 


eh*  efface  of  eh*  waste  on  eh*  lin*r  can  b*  determined  as  a  function  of 
eia*.  This  procedure  allow*  on*  Co  d*e*r*in*  if  eh*  lln*r  stabilizes 
after  a  given  length  of  tin*. 

Th*r«  ar«  not  consiseant  criteria  for  avaluaeing  eh*  ease  results, 
specifically  with  respect  Co  what  degree  of  change  is  acceptable.  For 
example,  while  on*  supplier  uses  compatibility  criteria  of  no  nor*  chan 
3-percent  change  m  weight  and  1 0-percent  change  in  tensile  properties, 
another  will  allow  a  change  of  approximately  20-percent  in  analysis 
properties  (assuming  that  the  analysis  results  have  stabilised). 

In  addition  to  immersion  tests,  a  number  of  other  exposure  methods 
have  been  developed  and  used  in  attempts  to  nor*  cloeely  simulate  actual 
field  conditions.  These  additional  tests  are  listed  in  Table  4  and  can 
be  characterized  as  landfill  simulation,  weathering  and  permeability 

tests. 

Landfill  simulators  permit  the  liner  to  be  exposed  to  a  stratified 
or  solid  waste  and  to  a  hydraulic  head.  Landfill  simulators  have  been 
used  for  long-term,  research-oriented  studies  of  on*  year  to  three 
years.  By  their  nature,  landfill  simulators  do  not  permit  temperature 
to  be  controlled  and  intermediate  assessments  of  replicate  systems  are 
expensive. 

Weathering  tests  are  used  to  address  what  combined  effect  a  waste 
and  climatic  variations  has  on  a  liner.  One  supplier  uses  a  heat  lamp 
on  a  laboratory  scale  to  simulate  the  effect  of  waste  stratification  and 
ultra-violet  light  on  a  liner.  On  a  larger  scale  outdoor  waste  tanks 
and  an  exposure  period  of  four  years  have  been  used  to  evaluate 
weathering  effects,  and  MR  Laboratories  has  developed  a  patented, 
ARM-approved,  accelerated  weathering  test  (which  does  not  include 
exposure  to  waste). 

The  only  membrane  liner  west*  permeability  test  reported  in  the 
literature  was  a  pouch  test.  In  this  test,  waste  was  sealed  in  a  pooch 
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made  of  a  liner  spec  loan  and  the  pouch  wa*  immersed  in  de -ionized  water. 
The  flows  of  ions  and  waear  across  the  liner  were  Chen  sonl cored. 

TEST  METHOD  EVALUATION 

Liner  Exposure 

Of  Che  identified  liner/waste  exposure  eethods ,  only  immersion 
eases  and  landfill  aiaulaeor  Caste  have  been  used  extensively.  Although 
weathering  can  have  a  significant  effect  on  the  long-tern  liner 
integrity,  its  iapact  is  highly  site-specific  end  difficult  to  s inula Ce . 
Only  the  08 KT  Laboratories  test  is  a  fully  docuaentad  and  ASTM -approved 
procedure  for  aeasuring  the  efface  of  weathering,  but  it  is  only 
applicable  to  the  simulation  of  weather  effects  and  cannot  be  used  to 
aeasure  waste  effects.  Because  of  the  inherent  laperaeability  of 
polymeric  liners,  permeability  is  not  considered  to  be  a  meaningful 
evaluation  criteria  (NSP).  Additionally,  no  direct  permeability  cast 
procedure  is  available.  There  are  insufficient  data  on  the  pouch  test 
to  define  what  is  measured  by  this  procedure  or  its  significance.  Even 
though  landfill  simulators  are  designed  so  that  leachate  can  be 
collected,  permeability  data  from  landfill  simulators  have  yet  to  be 
published. 

Immersion  Tests 


Immersion  testing  is  the  only  widely -used  procedure  for  determining 
the  compatibility  of  polymeric  liners  with  a  test  waste  solution.  This 
procedure  evolved  from  standard  A8TM  test  procedures  for  determining  the 
compatibility  of  plastics  and  rubber  with  chemicals.  A  standard  test 
protocol  for  liner  compatibility  with  wastes  has  been  recently  propoeed 
by  the  ESP.  In  addition  to  wide  acceptance,  the  key  advantages  of 
immersion  tests  ere  the  ability  to  fully  define  test  parameters,  limited 
exposure  Urns  and  conclusive  resales,  the  key  disadvantages  are  that 
field  conditions  cannot  be  fully  simulated  and  solid  or  semi-solid 
wastes  are  difficult  to  test. 


Because  liner  luplM  «r«  exposed  by  immersing  the*  In  e  tent 
solution  concerning  the  Meets,  the  eree,  equipment  end  Meets  quantity 
needed  for  immersion  teste  ere  saell.  As  e  result,  it  is  feasible  to 
expoee  nultlple  senplee  of  e  Uner  to  e  large  number  of  variables  such 
ee  Meets  concentration,  exposure  time,  easts  temperature  end  seem  type. 

Although  exposure  times  of  up  to  one  year  here  been  used  for 
immersion  tests,  periods  of  one  to  four  months  ere  commonly  used  because 
any  loss  in  Uner  integrity  resulting  from  chemical  reaction  generally 
occurs  mi thin  a  short  exposure  time.  Based  on  the  compatibility  date 
pub U shed  by  Exxon,  the  lose  of  integrity  typically  occurs  within  e 
month  with  concentrated  chemicals.  Additionally,  accelerated  exposure 
testing  by  increasing  the  temperature  of  the  waste  is  used  in  both  the 
initial  ASTM  procedures  and  in  the  proposed  XSF  teat  protocol. 

XSamrsion  testa,  although  widely  used,  do  not  simulate  actual  field 
conditions.  In  particular,  the  Interface  between  the  waste  and 
atmosphere  cannot  be  duplicated  and  the  effect  of  waste  concentration 
gradients  on  the  liner  cannot  be  inwestigated .  As  a  result,  some 
concern  has  been  raised  as  to  the  degree  that  iaamrsion  test  results  can 
be  projected  to  actual  use.  A  second  key  disadvantage  of  immersion 
testing  is  the  difficulty  of  using  soUd  or  semi -so  lid  waste.  Proce¬ 
dures  for  conducting  immersion  tests  with  soUds  or  semi -solids  have  not 
been  standardised,  and  it  is  unclear  how  well  the  test  procedure  can  be 
adapted  to  soUds. 

Landfill  Simulator  Tests 


Landfill  simulation  tests  are  used  to  simulate  more  closely  actual 
field  conditions  and,  as  a  result,  to  reflect  more  closely  the  actual 
effect  of  a  waste  on  a  liner.  To  date  only  a  limited  number  of  landfill 
simulator  tests  have  been  performed  and  a  standardised  or  widely 
aooepted  landfill  simulator  procedure  has  not  been  developed.  The  key 
advantages  of  landfill  simulator  tests  are  the  ospebllitles  to  simulate 
more  closely  field  conditions  and  to  use  waste  in  a  solid  or  semi -so lid 
state.  The  disadvantages  are  that  these  units  lack  flexibility,  are 
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expensive  *nd  eh«  validity  of  the  raaulta  has  not  baan  daaonatratad. 

Unlike  iaaaraion  tasta  whara  tha  linar  apaclaans  ara  simply 
suapandad  in  a  tast  waste  solution,  tha  linar  spacinan  sarvas  as  tha 
basa  of  a  aiaulatad  landfill  in  a  landfill  simulator.  Factors  such  as 
exposure  of  tha  linar  to  a  vasts  concantration  gradient,  a  hydraulic 
head,  and  single  aide  axposura  can  ba  simulated.  It  is  assumed  that 
such  teat  results  will  more  accurately  reflect  tha  interactions  between 
tha  waste  and  tha  linar  that  occur  in  actual  use  and,  thus,  result  in 
batter  predictions  of  long-term  linar  performance. 

Because  landfill  simulators  ara  constructed  as  tanks  or  columns 
with  tha  linar  specimen  located  at  tha  basa,  tha  linar  can  ba  exposed  to 
a  solid  waste  without  any  special  modification  of  tha  tast  procedure. 
Thus,  test  results  from  solids  axposura  should  ba  comparable  directly  to 
liquid  axposura  results. 

Although  landfill  simulators  may  bettor  Simulate  actual  field 
conditions,  tha  volumes  of  material  and  waste  required  ara  large.  Thus, 
fewer  data  points  can  ba  obtained  and  tast  variables  ara  more  difficult 
to  control.  Because  each  linar  specimen  must  ba  installed  in  an  indi¬ 
vidual  tast  call,  a  large  number  of  tast  cal) ,  and  large  volumes  of 
waste  ara  required  for  a  large  scale  test.  Aa  a  result,  fewer  duplicate 
samples  can  be  run  and  fewer  variables  Investigated.  Because  only  one 
side  of  the  liner  is  exposed  to  the  waste,  longer  exposure  periods  are 
required.  In  previous  tasts,  exposure  periods  have  been  one  year  or 
greater.  As  a  result,  much  less  tast  data  can  be  obtained  within  a 
given  time  and  budget. 

Of  greater  concern  is  the  significance  of  the  test  results. 
Landfill  simulators  are  still  only  an  approximate  model  of  actual 
service  conditions.  No  standardised  procedure  has  been  developed  and, 
until  more  field  data  are  available,  it  will  not  be  known  how  well 
landfill  simulators  actually  reflect  field  conditions.  Additionally, 
because  of  their  site  and  long  exposure  times,  it  is  difficult  to 
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closely  control  individual  tost  variables  during  the  tost  and,  as 
indicated*  favor  samples  and  variables  can  be  ran. 

SXFXRIHNCB  WITH  THB  H8P  TIST  PROTOCOL 

The  proposed  N8F  test  Protocol  was  selected  for  tbs  liner 
compatibility  testing  with  explosives  and  solvents.  The  N8P  test  has 
been  proposed  by  the  Me Clonal  Sanitation  Foundation  Joint  Committee  in 
their  Draft  Final  Standards  for  Flexible  Menbrana  Liners,  lbs  committee 
is  eoaposed  of  representatives  of  nanufactursrS'  regulatory  agencies, 
and  users  of  liners.  The  standards  represent  a  coepilation  of  the  views 
and  Ideas  of  eany  of  the  leading  authorities  on  liners. 

Xaaersion  tests  are  the  noet  widely  used  exposure  method  for  liner 
compatibility  studies  and  the  only  exposure  method  for  which  there  is  a 
standard  procedure  based  on  ASTN  tost  methods.  Immersion  tests  permit  a 
large  number  of  data  points  to  be  compiled'  require  a  limited  exposure 
period  and  permit  close  control  over  test  conditions.  The  major  draw¬ 
back  of  immersion  bests  for  the  planned  tasting  is  the  lack  of  past 
experience  with  the  use  of  solid  waste  rather  than  a  liquid  waste r 
however,  it  would  appear  that  lmnsrslon  testing  with  solid  waste  would 
be  feasible. 

The  proposed  MSF  liner  compatibility  tost  procedure  was  straight¬ 
forward  and  no  major  problems  were  encountered  during  the  testing 
period.  The  procedure  permitted  the  screening  of  over  100  combinations 
of  liners  and  test  environments  with  good  reproducibility  of  test 
results.  Specific  observations  on  the  prooedures  used  are  presented 
below.  The  physical  setup  used  to  iamerse  the  liner  samples  worked  well 
apd  presented  few  problems.  The  immersion  jars  wars  assy  to  handle  and 
allowed  easy  removal  and  replacement  of  tost  samples. 

The  noet  precise  parameter  used  was  weight  changer  however,  it  was 
sot  possible  to  obtain  the  precision  implied  in  the  MSF  procedure  for 
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•11  liner /cheaieal  combinations.  Tha  Hr  procedure  does  not  state  a 
weighing  precision  but  it  does  specify  tha  us#  of  a  balance  with  a  1  -mg 
praoialon.  tha  Unac  saaplaa  iaaersed  In  watar  saturated  TCE  would  loaa 
weight  whila  on  tha  balanea  pant  thus  it  was  not  possible  to  obtain  a 
steady  weight  to  tha  third  daelsal  point.  This  affect  was  also  noted 
(to  a  such  lesser  degree)  with  the  other  saaplaa. 

Because  of  the  changing  weight,  any  variation  in  the  tiae  delay 
between  drying  and  weighing  would  cause  inconsistent  weight  readings, 
the  MSP  Method  calls  for  iaa»diate  weight  readings  because  of  this 
condition,  and  a  standard  procedure  (as  standard  as  possible)  was  used. 
Nonetheless,  because  it  is  laposaible  to  reproduce  exactly  the  drylng- 
weighxng  procedure  each  tiae.  the  weights  Bay  deviate  because  of  pro* 
cedure  as  opposed  to  chemical  effect.  tven  with  the  preceding  con¬ 
siderations,  the  relative  lapact  of  weight  changes  during  measurement 
was  not  significant. 

Volume  measurement  was  less  precise  than  weight  measurement  because 

the  method  of  measurement  was  not  wholly  satisfactory.  The  MSP  proposed 
procedure  specifies  a  dimensional  measurement  accuracy  of  0.001  inches 
using  a  micrometer.  A  micrometer  (caliper)  is  not  suited  for  measure¬ 
ment  of  flexible  material,  especially  to  an  accuracy  of  0.001  inches. 
To  measure  length  and  width,  the  aaaples  were  held  flat  and  every  effort 
was  made  to  not  squeese  (aad  thus  flex)  the  material /  however.  It  was 
laposaible  to  completely  avoid  flexing  the  liner  saaple.  Also,  the 
potential  for  flexing  the  aaaples  increased  after  they  softened  in  the 
water-saturated  TCS  solution.  A  second  possible  aeasureaent  error  with 
the  ale roaster  was  not  having  it  aligned  perpendicular  to  the  saaple, 
thus  altering  the  aeasureaent. 

LXMBt  COMPATIBILITY 

A  projection  of  the  potential  eoapatibility  of  the  five  liner 
groups  (PMC,  CPB/Hypalon,  XB-5,  BDPI  and  KPQM /Neoprene }  based  on 
previously  discussed  results  is  presented  below,  lbs  values  are  an 
assess  sent  of  the  effeet  of  the  test  chealoals  on  each  liner  based  on 
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mn  appears  to  bo  potantlally  oonpatlblo  with  TMT  and  kDX,  and  nay 
bo  compatible  with  TCI.  Tho  othor  four  liner  groups  also  appear  to  bo 
potentially  oonpatlblo  with  TMT  and  KDXr  however,  all  four  groups  ware 
found  to  bo  incompatible  with  TCE. 

SUMMARY  OF  THE  INITIAL  SCREWING  TEST  RESULTS 


Relative 

Iffeet  of 

Tost  Chemical 

Liner  Group 

TCI 

TMT 

RD 

CPC/ Hype Ion 

n-s 

■DPC 

K POM /Neoprene 


Relative  effects  are  ranked  from  1  (nlnlnal)  to  S  (failure) 
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ABSTRACT 


In  Situ  Vitrification  Is  an  merging  technology  developed  by  Pacific 
Northwest  Laboratory  for  potential  In-place  1  swob 1 1llation  of  radioactive 
wastes.  The  contaminated  soil  Is  stabilized  and  converted  to  an  Inert  glass 
form.  This  conversion  Is  accomplished  by  Inserting  electrodes  In  the  soil  and 
establishing  an  electric  current  between  the  electrodes.  The  electrical  energy 
causes  a  joule  heating  effect  that  melts  the  soil  during  processing.  Any 
contaminants  released  from  the  melt  are  collected  and  routed  to  an  off-gas 
treatment  system.  A  stable  and  durable  glass  block  Is  produced  trttlch  chemi¬ 
cally  and  physically  encapsulates  any  residual  waste  components. 

In  situ  vitrification  has  been  developed  for  the  potential  application  to 
radioactive  wastes,  specifically,  contaminated  soil  sites;  however.  It  could 
possibly  be  applied  to  hazardous  chemical  and  burled  munitions  waste  sites. 

The  technology  has  been  developed  and  demonstrated  to  date  through  a  series  of 
21  engineering-scale  tests  [producing  50-100 0  kg  (100  to  20 00  lb)  block*?  and 
seven  pi  lot -scale  tests  [producing  9000  kg  (20,000  lb)  blocks],  the  most  recent 
of  which  illustrated  treatment  of  actual  radioactively  contaminated  soil. 
Testing  with  some  organic  materials  has  shown  relatively  complete  thermal 
destruction  and  Incineration.  Further  experiments  have  documented  the  Insen¬ 
sitivity  of  In  situ  vitrification  to  soil  characteristics  such  as  fusion  tem¬ 
perature,  specific  heat,  thermal  conductivity,  electrical  resistivity,  and 
moisture  content.  Soil  Inclusions  such  as  metals,  cements,  ceramics,  and 
combustibles  normally  present  only  minor  process  limitations. 


Costs  for  hazardous  waste  applications  are  estimated  to  be  less  than 
$17S/m}  (SS.OO/ft1)  of  material  vitrified.  For  many  applications.  In  situ 
vitrification  can  provide  a  cost-effective  alternative  to  other  disposal 
options^ 


V; '  c  u . f  4 


INTRODUCTION 


In  situ  vitrification  (ISV)  Is  the  conversion  of  contaminated  soil  Into  a 
durable  glass  and  crystalline  waste  form  through  melting  by  joule  heating.  The 


*  Work  performed  under  U.S.  Department  of  Energy  Contract  DE-AC06-7<RL0  1830. 
**  Operated  for  the  U.S.  Department  of  Energy  by  Battel le  Memorial  Institute. 
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technology  for  In  situ  vitrification  of  contaminated  toll  Is  based  upon  elec¬ 
tric  Miter  technology  developed  at  the  Pacific  Northwest  Laboratory  (PNL)  for 
the  iMObl fixation  of  high-level  nuclear  waste.  In  situ  vitrification  was 
Initially  tested  by  researchers  at  PNL  In  August  1980  (U.S.  Patent  4.376.598, 
Brouns  et  al.  1983).  Since  then  ISV  has  grown  from  a  concept  to  an  eMrglno 
technology  through  a  series  of  21  engineering-scale  (laboratory)  tests  and  7 
pilot-scale  (field)  tests.  The  program  has  been  sponsored  by  the  U.S.  Depart¬ 
ment  of  Energy's  (00E)  Richland  Operations  Office  for  application  to  the 
Hanford  Site. 

The  ISV  development  program  utilizes  three  sizes  of  vitrification  systems. 
The  distinguishing  characteristics  of  each  system  are  power  level,  electrode 
spacing,  and  mass  of  block  produced,  as  shown  below: 


System 

Power 

Electrode  Spacing 

Block  Mass 

Engineering 

30  kM 

30  cm 

50-1000  kg 

Pilot 

500  kM 

1.2  m 

10  t 

Large 

3750  kM 

5  a 

350  t 

The  most  recent  pilot-scale  test,  completed  In  June  1983,  vitrified  a 
makeup  site  in  which  25  kg  of  soil  containing  600  nCI/g  trensuranlc  (TRU)  waste 
simulated  a  radioactive  are*  (or  "hot  spot").  The  made-up  source  also  con¬ 
tained  mixed  fission  products  with  a  total  activity  of  30,000  nCI/g,  which 
exhibited  a  surface  exposure  rate  of  100  R/h  before  they  were  emplaced  In  the 
test  site.  Test  results  showed  that  during  vitrification  the  material  was  dis¬ 
tributed  fairly  uniformly  within  an  8  t  block.  No  radionuclides  were  released 
to  the  environment  during  the  vitrification  process. 

With  the  successful  completion  of  the  radioactive  test,  the  focus  of  the 
program  has  been  directed  to  the  design  and  testing  of  a  large-scale  system. 
This  system  is  expected  to  be  fabricated  and  acceptance-tested  by  early 
FT  1985. 

Major  advantages  of  In  situ  vitrification  as  a  means  of  stabilizing 
contaminated  soils  are: 

•  safety  In  terms  of  minimizing  worker  and  public  exposure 

•  long  term  durability  of  the  waste  form 

•  cost  effectiveness 

•  applicability  to  a  wide  variety  of  soils. 

This  paper  describes  the  status  of  the  ISV  technology  development  program. 


PROCESS  DESCRIPTION 

In  situ  vitrification  Is  a  process  for  stabilizing  and  Immobilizing  con¬ 
taminated  soil.  To  begin  the  process,  which  Is  shown  In  Figure  1,  graphite 
electrodes  ere  Inserted  vertically  In  the  ground  In  a  square  array .  graphite 
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Figure  1.  In  situ  vitrification  process  sequence. 

Is  placed  on  the  surface  of  the  soil  between  the  electrodes  to  form  a  conduc¬ 
tive  path.  An  electrical  current  Is  passed  between  the  electrodes,  creating 
temperatures  high  enough  to  melt  the  soil.  The  molten  zone  grows  downward, 
encompassing  the  contaminated  soil  and  producing  a  vitreous  mass.  Convective 
currents  within  the  melt  distribute  the  contaminants  uniformly  throughout  the 
molten  mss.  During  the  process,  off  gas  emitted  from  the  molten  mss  Is 
collected  In  a  hood  over  the  area  and  routed  via  piping  to  a  treatment  system, 
which  scrubs  and  filters  hazardous  components.  This  hood,  which  operates  under 
a  vacuum,  also  provides  support  for  the  electrodes. 

The  principle  of  operation  Is  joule  heating,  which  occurs  when  an  electri¬ 
cal  current  passes  through  the  molten  media.  As  this  molten  mss  grows,  resis¬ 
tance  decreases.  To  Mlntaln  the  power  level  high  enough  to  continue  Mltlng, 
the  current  must  be  Increased.  This  Is  accomplished  by  a  transformer  equipped 
with  multiple  voltage  taps.  The  multiple  taps  allow  more  efficient  use  of  the 
power  system  by  Mlntalnlng  the  power  factor  (the  relationship  between  current 
and  voltage)  near  Mxlmum.  As  heat  losses  from  the  Mlt  approach  the  energy 
deliverable  to  the  molten  soil  from  the  power  supply,  a  Mlt  depth  limitation 
Is  reached.  When  power  to  the  system  Is  turned  off,  the  molten  voIum  begins 
to  cool.  The  product  Is  a  block  of  glassy  Mterfa!  resembling  natural 
obsidian.  Any  subsidence  can  be  covered  with  uncontaminated  backffll  to  the 
original  grade  level. 

A  more  detailed  description  follows,  outlining  the  power  system  design  and 
the  off-gas  tr*Mtmnt  system. 

Power  System  Design 

The  power  system  design  Is  similar  for  all  three  scales  of  the  1SV  pro¬ 
gram.  A  transforaer  connection  converts  three-phase  alternating  current  elec¬ 
trical  power  to  two  single-phase  loads.  The  single-phase  loads  are  connected 
to  two  of  the  diagonally  opposing  electrodes,  which  are  arranged  In  a  square 
pattern.  This  electrical  arrangement  creates  a  balanced  electrical  load  on  the 
secondary.  The  even  distribution  of  current  within  the  molten  soil  results  In 
a  vitreous  zone  almost  cubic  In  shape,  minimizing  overlap  among  adjacent 


*  ,  wMMxmm  imp  ™ 

-  •  -  -  -  ,  . .  .  - ._. - - - - fcB>nTin»rMriiwtrr-*~***  y^-v^ 


settings.  Multiple  voltage  taps  and  a  balanced  load  allow  a  near  constant 
power  operation,  which  shortens  run  tine  and  thus  reduces  costs. 

0ff-6as  Treatment  System 

The  off-gas  containment  and  electrode  support  hood  collects  off  gas,  pro¬ 
vides  a  chamber  for  combustion  of  any  released  pyrolyzed  organics,  and  supports 
the  four  electrodes  embedded  In  the  soil.  Much  of  the  heat  generated  during 
the  ISV  process  Is  relea sed  to  the  off-gas  stream.  The  heat  Is  removed  In  the 
off-gas  treatment  system,  so  that  the  temperature  of  the  gas  which  exits  after 
treatment  approaches  ambient. 

The  major  types  of  treatment  for  the  off-gas  system  Include  quenching, 
scrubbing,  condensing,  and  filtering  (see  Figure  2).  First  the  gas  stream  Is 
cooled  and  scrubbed  In  two  stages,  using  a  quencher  and  a  tandem-nozzle 
scrubber.  The  scrubber  removes  particles  larger  than  0.5  uh.  The  scrub 
solution  In  the  saturated  gas  stream  Is  removed  by  a  vane  separator  followed  by 
a  condenser  and  another  vane  separator.  To  prevent  any  remaining  moisture 
leaving  the  second-stage  vane  separator  from  condensing  on  the  high  efficiency 
particulate  air  (HEPA)  filters,  the  off  gas  Is  heated  to  Insure  that  the 
unsaturated  gas  stream  Is  at  a  temperature  above  the  dewpoint.  Following  the 
two  stages  of  HEPA  filtration,  the  off  gas  Is  discharged  to  the  atmosphere 
through  an  Induced-draft  blower.  Off-gas  treatment  for  the  pilot-scale 
radioactive  test  system  Is  similar  to  that  of  the  large-scale  system.  Both 
systems  are  trailer  mounted  and  therefore  mobile. 


PERFORMANCE  ANALYSIS 

Performance  of  the  ISV  equipment  and  process  and  the  quality  of  the  waste 
form  are  discussed  In  this  section.  The  power  system  has  proven  to  be  reliable 
and  performs  as  designed.  Startup  and  normal  operation  have  been  conducted 
with  no  signs  of  unstable  behavior  such  as  arcing,  hot  spots,  or  significant 
Imbalance  of  tlu  power  load.  The  off-gas  containment  hood,  developed  for  the 
pi  lot -scale  system,  has  maintained  negative  pressure  over  the  vitrification 
zone  to  prevent  radionuclide  losses  outside  the  hood.  The  hood  design 
incorporates  a  skirting  of  high-temperature  resistant  cloth  which  Improves  the 
seal  around  the  edge.  The  off-gas  system  also  performed  very  well.  The  system 
effectively  contained  off  gases  and  removed  all  radioactive  species  during  the 
radioactive  field  test. 

Retention  of  elements  within  the  vitrification  zone  has  been  high  during 
pi  lot -scale  tests.  For  example,  retention  of  all  radionuclides  In  the  block 
durtng  the  radioactive  test  exceeded  99%.  Retention  during  large-scale  ISV 
operations  is  predicted  to  equal  or  exceed  the  pilot-scale  performance  because 
the  contaminants  will  normally  be  burled  deeper,  thus  retaining  even  more 
radionuclides  In  the  block.  The  retention  values  are  based  on  the  release  of 
contaminants  to  the  off  oas  and  a  confirmation  analysis  of  the  block.  From 
these  data,  decontamination  factors  (OFs)  were  calculated.  The  higher  the 
decontamination  factor  (the  mass  of  an  element  In  the  soil  divided  by  the  mass 
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released  to  the  off-gas  treatment  system),  the  laroer  the  amount  retained  In 
the  vitrified  block.  Based  on  results  from  the  pilot-scale  system,  soll-to- 
off-gas  Dfs  for  less  volatile  elements  such  as  Pu,  Sr,  and  U  are  expected  to  be 
103  to  IQ4  (99.9  to  99.99%  retained).  More  volatile  elements  such  as  Cs  and  Sb 
should  have  OFs  of  102  or  greater  (99%  retained).  Highly  volatile  heavy  metals 
(Cd,  Te,  Zn,  and  Pb)  should  have  OFs  around  101  (90%  retained).  These  values 
will  vary  depending  on  waste  burial  depth,  the  presence  of  a  cold  cap  or 
resolidified  surface  glass,  and  the  presence  of  gas  generators  within  the  melt 
zone.  Element  retention  Increases  with  burial  depth,  decreases  with  the 
presence  of  gas  generators,  and  Increases  slightly  with  the  presence  of  a  cold 
cap.  Decontamination  factors  for  the  off-gas  treatment  system  (hood  to  stack) 
are  as  follows:  for  the  semi  volatiles  and  heavy  metals  (Cs,  Cd,  Pb,  etc),  lO1*, 
and  for  the  less  volatile  nuclides  (Sr  and  Pu),  10s.  Therefore,  the  overall 
process  (soll-to-stack)  OFs  are  106  for  the  semlvolatlles  and  10s  to  109  for 
less  volatile  materials.  For  particulates  the  DFs  are  about  10n. 

The  ability  of  the  waste  form  to  retain  the  encapsulated  or  Incorporated 
contaminants  Is  of  prime  Importance  In  determining  the  applicability  of  the  ISV 
process.  Vitrified  soil  blocks  were  analyzed  to  determine  their  chemical  dura¬ 
bility  with  a  series  of  tests  Including  24  hour  soxhlet  leach  tests.  The  bulk 
soxhlet  leach  rate  for  the  product  was  less  than  1  x  10"5g/cm2/day,  an  accept¬ 
able  value.  These  rates  were  comparable  to  those  of  Pyrex*  or  granite,  and 
much  less  than  those  of  marble  or  bottle  glass,  as  shown  In  Figure  3. 

A  28  day  Materials  Characterization  Center  test  (MCC-1)  (Materials  Charac¬ 
terization  Center  1981)  was  also  conducted  on  a  contaminated  soil  sample  that 
was  vitrified  In  the  laboratory  at  1600*C.  The  overall  leach  rate  of  the 
vitrified  soil  was  comparable  to  the  76-68  glass  (a  reference  high  level  waste 
glass)  and  other  TRU  waste  forms  (Ross  et  al.  1982). 

Another  Indication  of  the  durability  of  the  ISV  waste  form  Is  found  In  a 
study  of  the  weatherlna  of  obsidian,  a  glassltke  material  physically  and  chem¬ 
ically  similar  to  the  ISV  waste  form  (Ewing  and  Hoaker  1979).  In  the  natural 
environment,  obsidian  has  a  hydration  rate  constant  of  1  to  20  i*2  per  1000 
years  (laursen  and  lanford  1978).  A  value  of  10  pm2  per  1000  years,  assuming  a 
linear  hydration  rate,  yields  a  conservative  estimate  of  a  1  mm  hydrated  depth 
for  the  ISV  waste  form  over  a  10,000  year  time  span.  Since  hydration  Is  the 
initial  mechanism  of  weathering,  the  ISV  block  Is  expected  to  maintain  Its 
Integrity  at  least  through  this  10,000  year  time  period. 

Another  Important  factor  to  consider  In  the  waste  form  evaluation  Is  the 
migration  of  the  radionuclides  once  they  are  a  part  of  the  molten  waste  form. 

In  the  pilot-scale  field  tests,  the  radionuclides  and  heavy  metals  did  not  move 
beyond  the  vitrified  block.  Furthermore,  analysis  of  the  blocks  from  the  tests 
revealed  that  the  retained  contaminants  did  net  concentrate  In  the  block,  but 
instead  were  uniformly  distributed.  Indicating  extensive  convective  mixing 
during  operation. 


•  Pyrex  is  a  registered  trademark  of  Corning  Class  barks.  Coming,  Maw  fork. 
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Figure  3.  Leach  resistance  comparison  of  selected  materials. 

PROCESS  PARAMETERS 

PNL  studied  the  effects  of  soil  properties  such  as  chemical  composition, 
thermal  conductivity,  fusion  temperature,  specific  heat,  electrical  conduc¬ 
tivity.  viscosity,  and  bulk  density  on  nine  soils  from  waste  sites  across  the 
U.S.  None  of  the  variations  In  properties  among  the  soils  significantly 
Impacted  ISV  operation.  While  soil  moisture  does  affect  the  ISV  process  by 
Increasing  the  power  requirements  and  run  time.  It  Is  not  a  barrier  to  Its  use 
(excluding  aquifer  sites  with  highly  permeable  soils).  Soil  moisture  Is  an 
economic  penalty,  not  a  process  Impediment. 

A  mathematical  model  was  devised  to  predict  the  behavior  of  the  ISV  system 
for  waste  sites  with  differing  geometries  and  to  assist  In  scale-up  to  the 
large-scale  system  without  the  need  for  extensive  field  testing.  The  effects 
on  process  performance  of  changes  In  soil  properties,  power  system  capability, 
and  waste  site  geometry  were  evaluated  using  the  model.  Information  produced 
Included  energy  consumption,  mass  vitrified,  operating  time,  melt  depth,  and 
melt  width  for  various  ISV  configurations.  The  model  was  also  used  to  deter¬ 
mine  the  effect  of  soil  moisture  on  the  ISV  process.  To  assess  the  effective¬ 
ness  of  the  model  as  a  predictive  tool,  model  predictions  were  compared  to 
results  from  the  pilot-scale  field  tests.  The  predicted  and  actual  values  were 
very  close,  with  usually  less  than  101  variance. 


The  effects  on  the  ISV  process  of  burled  metals,  cements,  ceramics,  com¬ 
bustibles,  sealed  containers,  and  explosives  have  been  analyzed  (Oma  et  al. 
1983).  Criticality  limitations  were  also  addressed.  Both  mathematical 
modeling  and  engineering-scale  testing  predict  that  the  effects  of  metal 
Inclusions  will  be  Insignificant  unless  a  full  short  circuit  Is  approached. 
During  testing,  the  metal  limit  was  not  reached;  however,  a  metal  Inclusion, 
accounting  for  5%  of  the  final  block  weight  and  occupying  70%  of  the  distance 
between  electrodes,  was  successfully  vitrified. 

In  situ  vitrification  of  soils  containing  concrete  or  pure  cement  Inclu¬ 
sions  decreases  electrical  conductivity  of  the  melt  zone  and  adds  water  vapor 
to  the  off-gas  system.  The  flexibility  designed  Into  the  large-scale  power 
system  compensates  for  any  conductivity  change  resulting  from  vitrification  of 
concrete  or  cement.  With  a  design  capacity  of  104  std  m3/m1n,  the  large-scale 
off-gas  system  will  handle  water  vapor  and  air  Inleakage  generated  during 
vitrification  of  pure  cement,  honmetalltc  ceramic  materials  that  do  not 
completely  melt  or  dissolve  during  vitrification  are  effectively  encapsulated 
by  the  glass  and  do  not  present  a  problem. 

Burled  combustible  wastes  pyrolyze,  move  to  the  melt  surface,  and  burn 
during  the  ISV  process.  This  Increases  both  gas  volume  and  heat  load  to  the 
off-g  s  system.  The  large-scale  off-gas  system  capacity  will  allow  vitrifica¬ 
tion  of  a  variety  of  waste  configurations.  Calculations  show  that  combustible 
packages  up  to  0.9  m3  and  void  volumes  up  to  4.3  m3  can  be  processed  without 
loss  of  hood  vacuum.  If  combustibles  are  distributed  relatively  evenly 
throughout  the  soil,  the  off-gas  system  Is  capable  of  handling  gases  from  soil 
containing  3200  kg  of  combustibles  per  meter  of  depth.  This  capacity  Includes 
air  added  to  the  hood  to  maintain  20%  excess  combustion  air  and  assumes  that 
the  peak  combustion  rate  Is  twice  the  average.  Sealed  containers  can  rapidly 
release  gas  during  processing.  Future  stuty  will  Include  collection  of  con¬ 
firmative  empirical  data  related  to  sealed  container  releases;  however,  the 
maximum  postulated  gas  release  Is  expected  to  be  within  the  capacity  of  the 
large-scale  off-gas  system. 

Soil  containing  up  to  25  wt%  TNT  and/or  BOX  can  be  Incinerated  safely  as 
long  as  the  mixture  Is  not  contained  (Kirshenbaum  1982).  Although  soils  of 
this  nature  are  not  present  at  Hanford,  explosive  wastes  have  been  disposed  In 
soil  at  other  sites,  which  may  consider  ISV  as  a  stabilization  option. 

The  potential  for  criticality  due  to  the  presence  of  fissionable  materials 
has  been  addressed.  The  ISV  system  can  effectively  process  soils  containing  a 
Pu  areal  limit  of  less  than  1  kg  Pu  per  square  meter.  Sites  containing  Pu 
levels  approaching  or  surpassing  this  point  should  consider  exhumation  and 
recovery  treatment  prior  to  ISV  as  a  stabilization  option. 
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ECONOMIC  ANALYSIS 

The  cost  of  using  ISV  es  an  In-place  stabilization  technique  was  estimated 
for  radloactl vely  contaminated  soils. 

The  components  that  contribute  to  the  basic  cost  of  ISV  are  site  prepa¬ 
ration  activities,  annual  equipment  charges,  operational  costs  such  as  labor, 
and  consumable  supplies  such  as  electricity  and  electrodes.  Employing  the 
large-scale  system,  five  different  configurations  for  TRU  contaminated  soil 
sites  were  evaluated  using  the  four  basic  cost-contributing  categories.  The 
results  are  provided  In  Table  1. 

When  using  the  cost  figures  In  Table  1,  It  Is  recommended  that  ranges  be 
employed  for  making  cost  estimates.  For  example,  to  estimate  the  cost  of 
selectively  vitrifying  portions  (a  volume  of  2900  m3)  of  a  waste  site  at 
Hanford,  as  shown  In  Figure  4,  the  lower  boundary  of  the  range  should  be  case  3 
(local  power,  above  average  manpower,  average  heat  losses):  $138/m3,  for  a 
total  cost  of  2900  m3  x  $138/m3,  or  $400,200  or  $400  K.  The  upper  boundary  of 
the  range  should  be  a  combination  of  cases  1,  2,  and  3  (local  power,  above 
average  manpower,  and  high  heat  losses),  which  calculates  to  be  2900  m3  x 
$138/»3  x  [ratio  of  heat  loss  effects:  142  (case  1)/116  (case  2)]  ■  $489,900, 
or  $490  K. 


TABLE  1.  COST  ESTIMATES  FOR  FIVE  ISV  LARGE-SCALE  CONFIGURATIONS 


Number 

Site 

Power 

Heat  Loss 

Manpower 

Level 

Total  Cost 
of  Soil 
Vitrified. 
1982  $/ms 

l 

Hanford 

Local 

High 

Average 

142 

2 

Hanford 

Local 

Average 

Average 

116 

3 

Hanford 

Local 

Average 

Above  Avg. 

138 

4 

Generic 

Local 

Average 

Average 

135 

5 

Generic 

Portable 

Average 

Average 
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ASSESSMENT  OF  WASTE  SITE  APPLICATIONS 


Preliminary  studies  (Kennedy  et  al.  1982;  Oma  et  el.  1983)  Indicate  that  a 
combination  of  selective  vitrification  and  appropriately  scaled  barriers  may  be 
the  most  cost  effective  In-place  stabilization  technique  for  those  Hanford  TRU 
sites  requiring  remedial  action.  This  approach  Is  consistent  with  the  findings 
of  the  National  Academy  of  Sciences  (National  Academy  of  Sciences  1978),  which 
stated  that  retrieval  of  burled  TRU  waste  for  disposal  In  a  geologic  repository 
could  be  more  hazardous  then  disposing  the  waste  In  place.  This  approach  Is 
also  recognized  In  the  Long-Range  Master  Plan  for  Defense  Transuranlc  Waste 
Management  (U.S.  Department  of  Energy  1983),  which  states  that  "deep  geologic 
disposal  may  not  be  the  most  economical  means  of  safe  disposal  for  all  TRU 
wastes."  DOE  Order  $820.1  (U.S.  Department  of  Energy  1982)  allows  field 
organizations  to  establish  new  or  alternative  TRU  waste  management  practices. 

In  situ  vitrification  Is  one  of  the  engineered  permanent  disposal  alternatives 
being  examined  to  meet  these  needs. 

Application  of  ISV  to  hazardous  chemical  waste  sites  requires  further 
evaluation  and  testing  to  determine  the  thermal  effects  of  ISV  processing  on 
typical  chemicals.  In  situ  vitrification  has  been  shown  to  be  effective  on 
heavy  metal  contaminants  and  some  organic  constituents  (trlbutylphosphate  and 
dichlorobenzene);  however,  additional  testing  and  Investigation  could  Insure  a 
beneficial  application  of  ISV  to  a  variety  of  waste  sites. 
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1—  APPLYING  AN  INNOVATIVE  APPROACH  TO  FIELD  INVESTIGATIONS 

AT  A  REMEDIAL  ACTION  SITE 

Michael  F.  Cola  and  Michael  H.  Corbin1 


INTRODUCTION 

Typical  field  investigation  programs  have  utilised  soil  borings  and 
groundwater  monitoring  bells  to  characterise  contamination  at 
hasardous  waste  sites.  ~*This  paper  describes  an  approach  that  can  be 
applied  at  a  hasardous  waste  site  where  known  groundwater 
contamination  exists  and  remedial  action  is  necessary  to  mitigate  the 
environmental  concerns.  The  sampling  program  is  conducted  to  locate, 
as  accurately  as  possible,  the  position,  extent  and  depth  of 
contaminant  source  areas,  and  to  identify  the  potential  contaminants 
present  as  well  as  the  potential  extent  of  contaminant  migration  in 
the  soil  and  groundwater.  These  sampling  procedures  utilise  the 
maximum  number  of  backhoe  trench  excavations  (to  locate  the  apparent 
boundary  of  contaminant  source  areas  and  obtain  composite  soil  samples 
along  a  prescribed  coordinate  grid  system)  and  field-implemented 
analytical  techniques  (to  screen  soil  samples  and  eliminate  those  of 
little  or  no  contamination).  Laboratory  analytical  procedures  are 
used  to  characterise  the  waste  constituents  found  in  the  source  areas 
and  contaminated  soils,  and  to  provide  the  necessary  level  of  quality 
assurance.  In  all,  the  sampling  program  described  herein  maximises 
the  use  of  field-implemented  analytical  techniques  which  reduces  the 
overall  cost  of  laboratory  analytical  procedures. 

To  perform  a  field  investigations  program  which  describes  potential 
contaminant  source  areas,  the  following  general  sampling  methodology 
should  bo  incorporated! 

a.  Establish  a  coordinate  grid  system  over  the  entire  area 
of  potential  concern.  A  50-foot  center  grid  system 
should  be  established  over  the  areas  identified  as 
probable  source  areas,  and  a  100-foot  center  system 
should  be  satisfactory  over  the  remaining  areas. 

b.  Perform  a  topographic  survey  over  the  site  area  to 
accurately  locate  the  position  and  elevations  of  roads, 
buildings,  and  site  features.  Establish  elevation 
control  based  upon  USGS  datum,  and  tie  the  topographic 
survey  into  the  established  grid  system  to  produce  a 
topographic  map  for  the  areas  of  concern. 


^Michael  Cola  is  an  Associate  Project  Engineer  with  Roy  F.  Weston, 
Inc. 

Michael  Corbin  la  Section  Leader  of  the  Solid  and  Basardous  waste 
Management  Group  at  Roy  F.  Weston,  Xnc. 
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c.  Conduct  a  program  of  surface  and  subaurfaca  waste, 

groundwater  and  aoil  invaatlgationa  to  aaaaaa  tha  potential 
contaminant  aourcea  in  tha  identified  arena.  The  program  of 
viaual  obaervationa ,  aoil  trench  excavations,  waate  borings, 
aoil  boringa,  field  analytical  sampling,  and  laboratory 
analytical  aampling  ia  diacuaaed  in  the  following  paragrapha. 

TOPOGRAPHIC  SURVEY 

The  initial  phaae  of  the  saapling  prograa  ahould  conaiat  of  the 
eatabliahaMnt  of  a  coordinate  grid  system  and  the  perforata  nee  of  a 
topographic  aurvey  over  the  contaaiinant  arena  of  concern.  The  intent 
ia  to  eatabliah  location  and  elevation  control  at  the  site,  which  ai da 
in  conducting  the  sampling  activitiea.  The  following  activitiea  would 
be  incorporated  into  the  topographic  aurvey  phaae t 

a.  A  aurvey  crew  or  a  aubcontractor  would  lay  out  the 
coordinate  grid  ayateai  and  perform  the  topographic 
aurvey. 

b.  Grid  pointa  would  be  etaked  with  lath  (or  equivalent) 
and  labeled  with  north/eouth  and  eaat/weat  coordinate a 
for  identification. 

c.  State  Planar  Syaten  (or  equivalent)  coordinatee  would  be 
uaed  aa  the  baaia  for  thia  grid  ayetem.  The  aurveyor 
would  be  reaponaible  for  identifying  the  grid  pointa  and 
tying  the  detailed  grid  ayetem  into  theae  pointa. 

d.  A  topographic  aurvey  would  be  performed  over  the 
deaignated  areaa  to  locate  the  elevatione  and  locationa 
of  the  following.  A  2-foot  elevation  contour  interval 
ahould  be  uaed. 

e  Any  railroad  tracka 
e  Site  acceaa  roada  (paved  and  gravel) 
e  Site  bounder iea 
e  Pence  locationa 

e  Natural  drainage  ditchea  and  drainage  pipea 
e  Site  utility  linea  (water  and  power  linee) 
e  Site  featurea 

e.  Elevation  control  would  be  eatabliahed  baaed  upon  the 
nearest  USGS  datum  or  existing  bench  marks  and  establish 
any  additional  bench  marks  aa  necessary  to  complete  site 
work  activities. 

f.  All  surveying  instruments  would  be  calibrated  in 
accordance  with  state  regulations  prior  to  the  start  of 
work.  All  stadia  distance  measurements  should  be 
accurate  to  within  0.01  foot  per  100-foot  length,  and 
all  elevation  measurements  should  be  accurate  to  within 
0.1  foot. 


SITE  HOBILItATION/PRE-SAMPLlWC  ACTIVITIES 

Pre-sample  activities  refer  to  the  site  Mobilisation  operations  which 
are  carried  out  in  support  of  the  field  sailing  efforts  at  a 
hasardoua  waste  site.  In  many  ways  the  pre-sample  activities  are 
critical  to  the  optinuai  functioning  of  the  field  investigations 
prograe.  The  following  operations  should  be  accomplished  as  part  of 
the  site  mobilisation/pre-sampling  activities: 

a.  Develop  the  Saapling  Plan  which  outlines  the  nuaber  and 
locations  of  saapling  points.  This  would  describe  the 
facilities  required  at  the  site,  the  level  of  personnel 
safety  required,  the  types  and  nuaber  of  sanple 
containers  and  the  daily  operation  of  saapling 
activities. 

b.  Arrange  for  the  procureaent  of  the  following  sitework 
requireaents  (in  the  office  prior  to  initiating  any 
sitework  activities) 

e  security  aeasures  (guards  a  security  fences  as 

necessary ) 

e  Coaaand  trailer  equipped  with  the  necessary 
amenities  to  support  field  work 
e  phone  service 

e  Electric  tie-in  or  portable  electric  generator 
e  Potable  water  source  (if  necessary) 
e  portable  cbealcal  equipment 
e  Air  monitoring  equipment 

e  Decontamination  area  for  personnel  decon  procedures 

c.  Delineate  the  "Clean  Areas"  at  the  site  where  the 
coaaand  trailer  and  decontaaination  facility  are  to  be 
placed.  Set  up  the  boundary  fence  (or  roped  off  area) 
between  the  sitework  and  clean  areas,  and  tie  in  the 
necessary  utilities  to  the  command  trailer. 

SAMPLING  OP  COMTAMIMAMT  SOURCE  AREAS 

The  field  sampling  program  should  incorporate  backboe  excavations  and 
auger-drilled  soil  and  waste  borings.  These  general  field  approaches 
would  satisfy  the  overall  saapling  objectives  of  locating  and 
evaluating  the  potential  contaminant  source  areas.  During  the 
saapling  operations  at  a  potential  hasardoua  waste  site,  samples  of 
waste,  soil  and  groundwater  (if  appropriate)  should  be  collected.  The 
following  saapling  types  are  discussed  herein  (the  listing  order  does 
not  represent  any  reference  to  chronologic  order): 

a.  Soil  trenching  samples.  Composite  grab  samples  from  the 
trenching  operations  should  be  collected  from  the 
excavated  soil  piles. 


b.  Hast*  coring*.  Composite  cor*  samples  should  bo 
colloctod  from  tho  waste  material  along  tha  waste  boring 
profile. 

c.  Soil  corings.  Core  samples  of  the  soil  should  be 
collected  from  the  soil  borings  at  designated  depths 
along  the  profile  in  contaminated  and  presumed 
uncontaminated  areas. 

d.  Groundwater  samples.  Samples  of  the  subsurface 
groundwater  should  be  collected  within  the  well  point 
monitoring  locations  if  these  samples  help  to 
characterise  the  contaminant  source  areas. 

Soil  Trenching  Operations 

The  use  of  soil  trench  excavations  is  becoming  an  established  field 
sampling  method  to  verify  the  locations  of  the  disposal  areas  and  to 
identify  any  additional  areas  of  soil  contamination.  Established 
backhoe  and  trenching  techniques  can  be  used  to  excavate  the  sampling 
pits  through  the  soil  layers  adjacent  to  the  disposal  areas  and  along 
the  established  grid  system.  If  at  all  possible,  excavation  through 
the  waste  material  itself  should  be  avoided.  A  mobile  sample  port  of 
a  field-operated  organic  vapor  analyser  can  be  utilised  to  "sniff"  the 
surface  of  the  excavated  trenchea  to  establish  variation  in  the 
concentrations  of  organic  cospounds.  This  data  can  be  utilised  to 
indicate  the  location  of  the  concentrated  waste  materials.  Once  the 
disposal  area  or  waste  material  is  encountered,  the  trench  excavation 
should  be  terminated,  since  the  contaminated  boundary  would  be 
located. 

A  commercially  available,  non-tracked  backhoe  capable  of  excavating 
soil  to  depths  up  to  20  feet  should  be  used  during  the  trenching 
operations  to  locate  the  boundaries  of  contaminant  source  areas.  Once 
the  locations  of  the  soil  trenches  are  identified, the  backhoe  would 
excavate  soil  to  accomplish  two  distinct  sampling  objectives.  These 
include! 


a.  Trench  along  a  prescribed  path  to  locate  the  boundaries 
of  the  potential  contaminant  source  areas.  These 
trenching  operations  should  begin  approxiswtely  50  feet 
from  the  waste  area  and  proceed  within  uncontaminated 
soils  toward  the  waste  piles.  Some  of  these  trenches 
(at  field-determined  locations)  can  be  continued  through 
the  waste  disposal  areas  to  help  Identify  waste  profiles 
and  boundaries. 


b.  Trsnch  shallow  lupllnf  pita  at  tha  designated  100-foot 
cantor  grid  points  along  tha  ooordinata  system  to 
idantify  any  arosa  contamination  within  tha  soils  bayond 
tha  identified  araaa  of  concarn.  Thasa  t ranch  pita  can 
ba  uaad  to  aliainata  tha  placement  of  shallow  borings  at 
a  reduced  overall  coat. 

Continuous  air  monitoring  would  ba  conducted  at  tha  trench  patha  and 
shallow  trench  pits  using  either  tha  Miran  Infrared  analyser 
(Miran/iR)  or  a  portable  organic  vapor  analyser  (OVA)  '  >lt.  Personnel 
safety  precautions  would  ba  taken  to  protect  sampling  personnel  from 
the  potentially  hasardous  vapors  that  may  be  generated  during 
trenching  excavations.  Tha  beckhoe  operator  and  sampling  personnel 
would  be  equipped  with  air  purifying  cartridge  respirators  to  be  used 
if  the  air  monitoring  results  indicate  a  potential  concern.  Detailed 
personnel  safety  precautions  should  be  outlined  in  a  Safety  Plan  for 
any  sitework  actlvitias. 

Trenching  operations  may  be  conducted  within  tha  waste  piles  or  within 
highly  contaminated  soils.  Once  the  waste  disposal  area  is 
encountered  by  the  trench  paths,  or  if  analytical  screening  results 
indicate  organic  concentrations  in  excess  of  background  levels  within 
the  shallow  trench  pits,  the  trenching  operations  would  be  ended. 

Also,  trenching  operations  would  be  curtailed  if  groundwater  within 
the  site  soils  is  a  prohibitive  concern,  excavations  should  be  made 
down  to  a  depth  of  between  5-10  feet  within  the  trench  paths  and 
shallow  trench  pits,  excavations  may  be  made  deeper  along  the  trench 
paths,  adjacent  to  a  disposal  area,  if  location  of  the  disposal  trench 
bottom  is  required.  The  trench  path  excavations  should  not  be  used 
exclusively  to  map  the  disposal  trench  bottom,  since  soil  borings  will 
provide  this  data.  Backfill  of  the  trenches  should  be  performed 
immediately  following  sampling  at  a  particular  location,  and 
compaction  of  the  trendies  should  be  performed  in  layers  to  the 
maximum  achievable  degree  using  the  beckhoe. 

Figure  1  illustrates  a  typical  sampling  approach  from  beckhoe  trench 
excavations.  All  soil  samples  collected  from  the  treoching  operations 
should  be  representative  composite  samples.  No  sampling  would  be 
performed  from  within  the  trench  or  pit  itself.  Instead  ooa^oslte 
samples  would  be  collected  from  the  excavated  soil  pile  adjacent  to 
the  trench.  At  no  time  should  any  sampling  personnel  be  permitted  to 
enter  any  excavated  trench  or  pit  area.  Samples  should  be  collected 
in  the  following  manner i 

a.  From  the  trenches,  a  sample  should  be  collected 

approximately  every  10  feet  until  the  contaminated  waste 
disposal  area  is  encountered.  Within  the  shallow  trench 
pit,  one  discrete  sample  would  be  collected.  (Wherever 
possible,  shallow  trench  pits  would  be  excavated 
following  completion  of  other  soil  and  waste  sawling 
activities.) 


Its 


FIGURE  1  TYPICAL  SKETCH  OF  TRENCH 

EXCAVATIONS  AND  SOIL  SAMPLING 


b.  Excavations  at  tha  sampling  location  should  ba  mada  down 
to  a  dapth  of  5  faat.  Tha  spaciflc  backhoa  buckat  load 
for  tha  sample  should  not  ba  dumped  on  tha  ground.  A 
hand  auger  (cylindrical  bucket-type)  would  be  used  to 
collect  one  compos ita  saapla  froa  three  representative 
locations  froa  within  tha  interior  of  tha  buckat  load. 

These  saaplas  would  ba  field  analyted/screened  using  the 
Miran/IR  unit. 

c.  Additional  saaplas  aay  be  placed  in  glass  jars  with 
self-sealing  screw-type  lids,  labeled,  and  teaporarily 
stored  in  individual  compartments  of  sectioned  cardboard 
boxes. 

d.  If  tha  waste  pile  ia  encountered  by  tha  trench,  or  if 
trench  air  monitoring  or  the  field  analytical  results 
indicate  high  concentrations  of  target  contaminants 
above  background  lavela,  duplicate  samples  of  the  soil 
aay  be  sent  to  the  laboratory  for  analysis.  If  these 
samples  are  sent,  the  protocols  for  hasardous  waste 
sample  packaging  and  shipment  would  be  followed. 

Soil  and  Waste  Boring  Operations 

The  results  of  the  soil  trenching  operations  would  identify  the 
lateral  extent  or  boundaries  of  site  contamination  at  each  of  the 
potential  source  areas  of  concern.  A  detailed  soil  boring  program 
would  then  be  initiated  within  and  adjacent  to  the  identified 
contaminated  areas.  These  soil  and  waste  borings  would  be  used  to 
describe  soil  types  and  the  extent  of  contamination  within  the  soil 
profile  with  depth.  Bollow  stemmed  augers  would  be  used  to  drill  the 
soil  and  waste  borings  down  to  the  depth  of,  but  not  extending  into, 
bedrock  at  the  prescribed  locations.  The  truck-mounted  drilling 
equipment  would  incorporate  i-incb  lb  augers,  so  that  the  well  point 
screens  and  casings  can  be  set  inside  the  hollow  stems  (if 
appropriate).  Figure  2  presents  a  sketch  of  a  typical  sample 
collection  approach  for  soil  and  waste  borings. 

During  the  process  of  drilling  the  waste  and  soil  borings  at  the 
sites,  relatively  undisturbed  soil  samples  would  be  collected  with  a 
standard  2-inch  split-spoon  sampler.  The  samples  would  be  collected 
continuously  through  the  hollow  stem  augers  as  drilling  progresses 
down  to  bedrock.  All  samples  should  be  examined  and  described  by  the 
Field  geologist  in  accordance  with  prescribed  standardised  protocole. 
TM>  geologist  would  describe  and  classify  the  samples  based  upon  their 

Kneral  classification,  color,  texture,  estimated  water  content,  and 
pth  from  land  surface.  Detailed  boring  logs  would  be  developed  for 
each  of  the  waste  and  soil  borings.  The  descriptive  parameters 
discussed  herein  would  be  Included  on  the  boring  logs.  Depths  should 


b«  recorded  for  the  aupUi  in  font  and  decimal  fractions  tharaof . 
Soil  descriptions  should  ba  in  accordancs  with  tha  Unified  Soil 
Classification  Systea  (USC8).  Soil  samples  would  be  fully  described 
on  the  log.  The  data  (descriptive  parameters)  in  the  sampling  log 
would  include  the  following! 

a.  site  identification  and  location  coordinate  (using 
alphanumeric  boring  code  and  grid  systea  coordinate). 

b.  Percent  recovery  (P.R. )  of  samples. 

length  of  core  sampling  recovered 
P.R.  -  length  of  interval  sampled 

c.  General  soil  classification  (such  as  "sandy  clay")  and 
USCS  symbol  (such  es  "CL*). 

d.  Munaell  soil  color  numbers  (give  both  narrative  and 
numeric  color  description). 

e.  Plasticity. 

f.  Consistency  (for  cohesive  soils)  and  density  (for  non- 
cohesive  soils). 

g.  Pield  moisture. 

h.  Texture/fabric/bedding. 

i.  Depositional  environaent/lithological  boundaries. 

j.  Depth  of  first-encountered  water  and  static  elevation 
(changes  in  water  level  three  successive  days  after 
completion). 


k.  Total  interval  drilled. 

l.  if  a  well  point  is  placed,  construction  features  such  es 
grouting,  gravel  peck,  screen  and  casing  interval, 
bentonite,  depths,  etc. 

m.  Time  delays  or  problems  encountered,  including  loss  of 
core,  loss  of  interval,  drilling  rig  problems,  etc. 

Representative  soil  samples  from  each  split-spoon  should  be  placed  in 
glass  jars  with  self -sealing  screw  type  lids,  labeled,  and  temporarily 
stored  on-site,  lach  sample  container  would  be  labeled  in  accordance 
with  the  preacribed  sample  packaging  and  shipment  protocols, 
collected  samples  for  analysis  would  be  secured  in  a  sample  storage 
chest  following  ohain-of -custody  procedures.  The  prescribed  samples 
will  either  be  analysed  on-site  or  sent  to  an  analytical  laboratory. 
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Analytical  and  spatial  information  resulting  from  the  sampling  and 
analytical  program  should  be  utilised  as  input  to  an  isopleth  analysi 
and  contour  plotting  routine  <an  example  is  CPS-1).  This  routine  can 
compute  iso-concentration  contours  for  the  target  contaminants  and 
plot  th •*  isopleths  on  a  map  of  the  study  area.  Deposits  of  target 
contaminants  other  than  those  already  identified  would  be  delineated. 
If  significant  new  deposits  of  target  contaminants  are  identified 
along  the  grid  pattern  beyond  the  limits  of  the  source  areas,  these 
locations  may  be  resampled  using  soil  boring  techniques  described 
previously.  Isopleth  maps  such  as  these  can  be  used  to  delineate  the 
contaminant  source  areas  which  require  remedial  action.  Excavation 
and  treatment  volumes  can  be  readily  calculated  and  utilized  in  a 
remedial  action  evaluation. 
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TREATMENT  OF  WASTEWATER  (RED  WATER) 
RESULTING  FROM  TNT  PURIFICATION 


J.  CARRAZZA  I  E.  PREGUN 

U.S.  ARMY  ARMAMENT  RESEARCH  AND  DEVELOPMENT  CENTER 
DOVER,  NJ  07801 

AND 

C.  CHANDLER  8  W.  HELBERT 
HERCULES  INC.,  RADFORD  ARMY  AMMUNITION  PLANT 
RADFORD,  VA  24141 


"Red  Water  is  the  product  which  results  from  the  Sellite 
process  which  has  been  used,  since  World  War  I,  for  the  purification 
of  trinitrotoluene  (TNT)  in  the  United  States.  Sellite  (sodium 
sulfite)  reacts  preferentially  with  the  undesirable  meta-TNT  isomer 
in  crude  TNT  to  produce  water  soluble  sodium  dinitrotoluene 
sulfonate.  This  solution  (red  water)  also  contains  2,4,6-TNT  plus 
various  oxidation  products  and  may  contain  20-251  solids.  In  the 
past,  disposal  was  accomplished  by  incineration,  leaving  a  sulfate 
ash,  or  the  red  water  was  concentrated  and  taken  by  the  paper 
industry  for  make-up  sodium- sulfur  value.  Both  methods  are 
considered  undesirable  for  reasons  of  economics,  lack  of  avail¬ 
ability  of  landfill  sites,  pollution  abatement,  and  reliability. 

^Numerous  approaches  have  been  investigated  to  either 
concentrate  the  red  water  for  disposal  or  recover  reusable 
products.  These  approaches  included  reverse  osmosis,  acidification, 
Tampella  Process,  Atomics  International  Aqueous  Carbonate  Process, 
SCA  Billerud  Process,  and  the  Sonoco  Sulfite  Recovery  Process 
(SSRP) .  An  assessment  of  these  techniques  based  upon  level  of 
TNT  production,  foreign  patent  and  scale  down  problems,  simplicity 
of  design,  capital  and  operating  cost  estimates  and  other  criteria 
resulted  in  selection  of  the  SSRP  for  further  evaluation, 

Extensive  laboratory  and  pilot  plant  studies  of  process  feed¬ 
stock  formulations,  pellet  versus  slurry  feed,  multi-hearth  versus 
rotary  kiln  furnace,  evaporators,  separators,  dryers,  feedstock 
mixers  and  transport  systems  were  conducted.  This  resulted  in 
the  development  of  criteria  currently  being  utilized  for 
implementation  of  a  sulfite  recovery  facility  to  support  TNT 
production  at  Radford  Army  Ammunition  Plant  (RAAP) .  The;  SRP 
process  as  developed  for  RAAP  is  described. as  follows. 

Red  water  (151  solids)  flows  from  THT  purification  into 
storage  tanks.  The  pH  is  then  adjusted  to  6. 5-7.0  to  minimise 
foaming  during  concentration.  It  is  then  concentrated  to  351 
solids  in  a  multiple-effects  evaporator  (MEB)  and  then  mixed 
with  filter  cake  in  the  repulper  section  of  a  belt  filter.  The 
resultant  repulper  mix  is  pumped  into  a  hollow  shaft  evaporator 
for  further  concentration  to  681  solids.  Finally,  recycled 
furnace  ash  and  petroleum  coke  are  added  to  achieve  a  solids 


concentration  of  741.  This  thick  paste  passes  into  a  screw 
feeder  which  inserts  it  onto  the  top  hearth  of  the  multiple-hearth 
furnace  (MHF) . 


The  MHF  consists  of  8  hearths  and  a  rabble  shaft  assembly  for 
stirring  and  advancing  the  solids  to  the  drop  holes  leading  to  the 
next  hearth  below.  The  RAAP  furnace  will  have  6  hearths  devoted 
to  separating  the  sodium  and  sulfur  in  the  red  water  portion  of 
the  feedstock.  These  hearths  will  be  operated  at  950°C  (1750°F) 
with  a  reducing  atmosphere.  In  the  MHF  sodium  combines  with 
aluminum  in  the  filter  cake  and  forms  sodium  aluminate  (NaAlC^) 
which  is  retained  in  the  ash.  Simultaneously,  the  sulfur  in  the 
feedstock  is  converted  to  sulfur  dioxide  (SO2)  and  hydrogen 
sulfide  (H2S}  which  exits  the  furnace  in  the  flue  gas  stream. 

The  ash  contains  sodium  sulfide  (Na2S) ,  a  hazardous  impurity, 
and  it  is,  therefore,  passed  downward  through  the  seventh  and 
eighth  hearths  where  it  is  oxidized  to  sodium  sulfate  (Na2S04) , 
a  harmless  impurity  in  the  finished  Sellite  solution. 

Hot  oxidized  ash  at  820°C  (1500°F) ,  nominal,  from  the  MHF 
passes  through  a  cooler  and  is  then  ground  and  mixed  with  water 
to  form  a  slurry  used  to  create  sodium  sulfite  (Na2S03)  in  the 
precipitator. 

The  flue  gas  which  contains  H2S  and  carbon  monoxide  (CO)  is 
passed  through  an  afterburner  where  both  the  H2S  and  CO  are 
oxidized.  The  resultant  SO2  concentration  in  the  flue  gas  is 
6000  ppm.  This  gas  stream  passes  through  a  waste-heat  recovery 
boiler  where  it  is  cooled  and  energy  is  recovered  as  steam.  The 
exiting  flue  gas  is  cooled  to  74°C  (165°F),  the  optimum 
temperature  for  efficient  scrubbing  of  SO2' 

SO2  is  removed  from  the  gas  stream  in  a  Schnieble  absorber 
using  Ns2S0t  solution  as  the  scrubbing  medium.  The  product  of 
this  operation  is  sodium  bisulfite  (NaHSOj)  solution. 

NaHS03  solution  from  the  absorber  is  mixed  with  ash  slurry 
to  produce  a  slurry  of  N82S03  solution  and  Al(OH)»  precipitate. 
This  slurry  is  passed  through  a  solid-bowl  centrifuge  which 
separates  the  sludge  from  the  Na2SC>3  solution.  Part  of  this 
solution  is  returned  to  the  absorber  where  is  captures  SO2  from 
the  flue  gas  stream.  The  balance  of  the  Na2S(>3  solution  plus  the 
sludge  passes  to  a  belt  filter  for  separation.  The  cake  from  the 
belt  filter  returns  to  the  MHF  via  the  repulper  mix.  The  Na2S03 
solution  goes  into  a  tank-type  clarifier  where  finely  divided 
suspended  solids  are  removed.  The  clarified  Sellite  goes  to 
storage  for  reuse  in  TNT  purification,  where  it  will  be  converted 
back  into  red  water  as  it  purifies  crude  TNT  to  produce  alpha-TNT, 
the  desired  product  of  TNT  manufacture. 
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LOCATION  OF  VOLATILE  BURIED  WASTES  BY 
FIELD  PORTABLE  INSTRUMENTATION 
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Battelle,  Project  Management  Division 
Office  of  Hazardous  Waste  Management 
HAPO  Building,  Fourth  Floor 
601  Williams  Boulevard 
Richland,  Washington  99352 

(509)  943-6922 


INTRODUCTION 


Tontamlnatlon  of  environmental  media  by  volatile  organic  chemicals  has  been 
observed  at  a  wide  variety  of  Industrial  and  government  facilities.  In 
particular,  volatile  halogenated  hydrocarbons  (VHH)  have  been  shown  to  pose 
problems  of  such  magnitude  that  special  regulatory  standards  are  being 
considered  for  these  materials, (EPA,  1962). 

^Difficulties  are  encountered  when  characterizing  a  site  that  Involves  VHH 
contamination.  Some  of  the  factors  which  Increase  the  difficulties  are: 

<+,  There  are  no  standard  methods  for  sampling  and  analysis  for 
volatile  constituents  In  soil  matrices. 


<«.'  There  Is  good  evidence  that  several  of  the  species  may  be 
transformed  biologically. (Wood,  1981). 

There  Is  evidence  to  suggest  that  the  volatile  halogenated 
species  may  undergo  nonlinear  absorption  in  soil  matrices, 
(tichter;  1981 H 


J. 


These  factors  limit  the  ability  to  determine  source  location  and  strength  In 
the  case  of  burled,  non-contalnerlzed  wastes.  Adequate  sanpling  of  the 
subsurface  waste  deposits  is  both  t  fme-consueing  and  of  questionable 
validity,  and  the  degradation/retardation  complications  reduce  tha  appro¬ 
priateness  of  fplume-tracklng'r  as  a  means  for  determining  source  charac¬ 
teristics.  This  paper  describes  an  approach  to  the  sampling  and  analysis 
problem  which  was  employed  In  a  recent  site  characterization  effort. 
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BACKGROUND 


An  extensive  site  characterization  and  groundwater  quality  assessment, 
conducted  at  a  government  facility  in  1981-82,  revealed  the  presence  of 
significant  groundwater  contamination  by  VHH.  Observed  groundwater  con¬ 
tamination  was  emanating  from  at  least  five  distinct  sources.  Historical 
records  and  past  or  current  operating  practices  were  used  to  determine 
source  characteristics  for  all  but  one  of  the  probable  sources.  For  the 
source  area  in  question,  existing  records,  maps,  and  aerial  photographs 
indicated  that  an  area  of  approximately  six  acres  was  used  primarily  as  a 
burning  ground  for  trash  and  wooden  debris.  Aerial  photographs  showed  the 
existence  of  various  pits,  ground  stains,  and  lagoons  during  the  period 
1957-1969.  Any  of  the  photo- Interpreted  artifacts  could  be  the  source  of 
observed  contamination,  but  most  are  probably  Innocuous.  The  problem  is 
complicated  by  the  presence  of  a  large  warehouse  building  of  recent  vintage, 
which  covers  approximately  one-half  of  the  study  area. 

To  evaluate  the  need  for  and  feasibility  of  remedial  actions  In  the  vicinity 
of  the  Source  area.  It  was  necessary  to  estimate  the  location,  size,  and 
source  strength.  Because  it  was  considered  likely  that  shallow  groundwater 
discharged  into  a  surface  stream  immediately  downgradlent  of  the  source 
(resulting  in  release  of  the  contaminants  to  the  atmosphere),  a  qualitative 
study  with  1 1m i ted  scope  was  deemed  appropriate.  The  objective  of  the  task, 
then,  was  to  determine  the  approximate  location,  size,  and  strength  of  any 
sources  in  the  study  area. 


APPROACH 


The  procedure  used  In  this  Investigation  consisted  of  the  following  steps: 

•  Prepare  a  coarse  grid  of  boreholes  across  the  area. 

•  Allow  equilibrium  to  be  established  within  each  borehole. 

•  Obtain  air  samples  from  within  the  borehole. 

•  Immediately  analyze  air  samples  for  total  hydrocarbon  and  total 
halogenated  hydrocarbon  content. 

•  Based  on  the  results  using  the  coarse  grid,  install  additional 
sampling  points  In  selected  areas;  sample  and  analyze  the 
interstitial  air  as  before. 
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Using  this  procedure,  the  area  can  be  successively  demarcated  Into  zones 
based  on  organic  vapor  content  of  the  boreholes.  Elements  of  the  procedure 
are  detailed  In  the  following  paragraphs. 

BOREHOLE  GRID 


A  grid  was  established  across  the  area  of  potential  past  waste  disposal  such 
that  utility  lines,  a  concrete  pad,  and  a  recent  warehouse  building  were 
avoided.  Nineteen  boreholes  at  nominal  50-ft  grid  Intervals  were  drilled  to 
a  depth  of  10  ft  below  the  surface,  using  a  4-1n.  solid  stem  auger.  Cutting 
returns  from  these  boreholes  were  observed  for  evidence  Indicating  previous 
activity.  The  boreholes  were  capped  with  a  flat  lid  and  left  undisturbed 
until  measurements  could  be  made.  After  analysis  of  samples  as  described 
below,  seven  additional  boreholes  were  drilled  at  25-ft  grid  Intervals 
within  zones  showing  high  halogen  content.  Following  completion  of  the 
analyses,  all  boreholes  were  filled  to  the  surface  with  a  20:1  cement/ 
bentonite  grout. 

SAMPLING 


Samples  were  collected  from  the  boreholes  after  a  period  of  about  2  hrs 
following  drilling  to  allow  equilibration.  A  sample  of  the  air  within  each 
borehole  was  collected  by  Inserting  a  teflon  tube  to  a  depth  of  approxi¬ 
mately  5  ft  and  using  a  small  battery-powered  bellows  pump  to  collect  the 
sample  In  a  3  liter  mylar  air  bag.  The  sample  was  Immediately  analyzed  at 
the  nearby  Instrument  station.  After  analysis,  each  sample  bag  was 
repeatedly  flushed  with  clean  compressed  air  and  evacuated  until  analysis 
Indicated  minimum  residual  contamination. 

ANALYTICAL  INSTRUMENTATION 


Analysis  of  the  air  samples  for  total  volatile  hydrocarbon  and  total 
halogenated  hydrocarbon  content  was  performed  using  a  detector  developed  by 
Battelle-Instltut  e.v.  In  Frankfurt,  Germany.  The  instrument  contains  a 
flame  Ionization  detector  (FIO)  for  analysis  of  hydrocarbons  and  a 
potassium-impregnated  platinum  detector  for  analysis  of  halogen  content. 
The  gaseous  sample  (or  purge  from  a  water  sample)  is  conducted  through  a 
heated  entrance  port  to  the  detectors,  without  benefit  of  chromatographic 
columns.  Therefore,  the  response  time  is  short,  there  are  no  precise 
chromatographic  conditions  to  maintain,  and  problems  with  column  degrada¬ 
tion  or  peak  tailing  are  eliminated.  An  entire  analysis  requires  only  about 
S  min.  Use  of  a  sample  pump  obviates  the  need  for  a  carrier  gas.  Location 
of  the  sample  puap  behind  the  detectors  eliminates  potential  interactions 
between  the  sample  and  the  pump  mechanism. 
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The  air  sample  Is  completely  burned  within  the  FID  stage,  and  halogen 
content  of  the  combustion  products  Is  measured  by  the  platinum  detector. 
Readout  of  signals  from  both  detectors  was  recorded  on  a  dual-channel  strip 
chart  recorder,  thus  allowing  direct  comparison  of  the  results.  Since  the 
sample  Is  Introduced  continuously,  signals  remain  at  a  constant  level  after 
the  detectors  equilibrate.  The  height  of  the  signals  correspond  to  sample 
constituency.  The  Instrument  is  calibrated  by  Introducing  air  samples 
containing  known  concentrations  of  hydrocarbons  and  halogenated  hydro¬ 
carbons  and  measuring  the  height  of  the  resulting  signals.  For  the  present 
work,  samples  containing  50,  100,  and  200  ppb  of  trichloroethylene  were  used 
as  calibration  standards.  Thus,  the  halogen  content  Is  obtained  relative  to 
trichloroethylene,  and  results  are  Interpreted  comparatively. 


RESULTS 


Analysis  of  air  samples  from  the  boreholes  provided  the  results  given  in 
Table  1.  While  the  instrument  readout  yields  a  direct  measurement  of 
concentration,  the  minimal  calibration  procedure  that  was  used  forces  a 
semlquantltatlve  Interpretation  of  the  data. 

TABLE  1.  Borehole  Analysis  Results  (L  «  Low,  H  «  High, 

M  «  Moderate,  VL  *  Very  Low  or  zero,  VH  *  Very  High) 


Boreholes  Boreholes 

Coordinates  Hydrocarbon  Halogen  Coordinates  Hydrocarbon  Halogen 


EONO 

L 

M 

E50N200 

N 

VL 

E0N50 

L 

L 

E95N-50 

L 

VL 

E0N100 

L 

L 

E110N0 

M 

VL 

EON 150 

VL 

VL 

E100N50 

H 

VL 

E0H200 

VL 

VL 

E100N100 

VL 

VL 

EON-25 

H 

H 

E100N150 

M 

VL 

EON-50 

L 

M 

E100N200 

M 

VL 

C25N0 

VL 

H 

E150N-50 

M 

M 

E25N-25 

VL 

VH 

E150N0 

L 

VH 

E50N-50 

L 

VL 

E150N-50 

M 

VH 

E50N0 

M 

VL 

E125N-50 

M 

M 

ES0N50 

M 

VL 

E125N-25 

M 

VH 
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High  concentrations  both  of  hydrocarbons  and  chlorinated  hydrocarbons  were 
found  at  several  locations  within  the  study  area.  The  high  hydrocarbon 
levels  were  obtained  from  boreholes  drilled  below  the  water  table  and  which 
also  returned  ashes  and  other  debris  Indicative  of  trash  disposal  during  the 
drilling.  These  readings  are  thought  to  be  due  to  anaerobic  decomposition 
products,  principally  methane.  At  least  two  of  the  locations  showing  high 
hydrocarbon  content  correspond  to  what  appears  to  be  piles  of  trash  In  older 
aerial  photographs. 

The  boreholes  showing  high  halogen  content  were  concentrated  In  two  zones, 
see  Figure  1.  The  zones  correspond  to  a  debris  pile  (Zone  A  In  the  figure) 
and  lower  cell  of  a  two-part  lagoon  shown  In  aerial  photographs  in  the  1957- 
1969  time  period.  Other  pits  and  artifacts  shown  In  the  photographs  do  not 
appear,  from  the  borehole  results,  to  have  been  scenes  of  VHH  disposal. 

Both  zones  showing  VHH  contamination  are  within  areas  where  the  drilling 
returns  Indicate  highly  permeable  sands  and  gravel,  and  the  water  table  Is 
at  the  same  level  as  the  nearby  stream  elevation.  The  original  hypothesis 
that  contaminated  groundwater  discharges  to  the  surface  system  thus  appears 
to  be  correct. 


CONCLUSIONS 


The  following  conclusions  were  made  regarding  this  work: 

•  The  location,  approximate  size,  and  relative  strength  of  waste 
sources  within  the  study  area  were  established.  Evidence  was 
obtained  for  hydrologic  Interconnection  of  contaminated  ground- 
water  with  surface  streams,  thus  Indicating  the  minimal  need  for 
source  control  remedial  actions. 

•  Comparative  results  using  simple  analytical  procedures  and  bore¬ 
hole  air  sampling  was  shown  to  be  a  fast,  effective  method  for 
locating  burled  sources  of  volatile  halogenated  hydrocarbons. 
The  entire  sequence  of  events  as  described  above,  including 
borehole  grouting,  occurred  over  a  three-day  period. 
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Grid  Layout  and  Areas  Showing  High 
Volatile  Halogenated  Hydrocarbon  Readings 
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The  D*p«rtMnt  of  Defense  (DOC)  Installation  Mstoration  Program 
(W)  establish**  DOO  policy  to  identify  and  evaluate  suspected  problems 
associated  with  past  hasardous  waste  oootaaination.  Phase  I  of  the  I  HP 
is  the  initial  assessment  and  records  search  of  sits*  that  potentially 
contain  hasardous  waste.  Phase  IX  is  the  confirwation  and  quantifica¬ 
tion  of  potentially  hasardous  wests  sites.  Phase  III.  the  technology 
base  development,  and  Phase  XV,  the  remedial  actions,  will  follow  the 
identification  of  hasardous  waste  sites. 

Within  Phase  XI  of  the  Ilf,  the  most  important  objectives  are  to 
determine  if  suspected  contamination  of  a  site  exists,  and  if  it  does, 
then  adequstely  describe  the  site  qeoloqlc  conditions  and  define  the 
extent  of  subsurface  as  well  as  surface  contsminstion.  These  two 
objectives  are  accomplished  through  field  Investigations  of  sites, 
these  field  investigations  should  be  cost-effective  and  provide  critical 
data  to  advance  further  investigation  activities  in  a  technically  sound 
manner. 

One  geophysical  method  of  field  Investigation  is  the  electrical 
tesistivlty  (EX)  survey.  The  IX  survey,  if  effective  and  properly 
applied,  can  yield  data  interpretations  related  to  both  the  site  geo¬ 
logic  conditions  and  to  the  definitions  of  ground-water  contamination 
areas f 

l 

This  paper  discusses  the  potential  utilisation  of  electrical  re¬ 
sistivity  surveys  during  Phase  XX  of  the  XKP.  The  successful  utili¬ 
sation  of  IX  is  based  on  a  combination  of  both  technical  approach  and 
knowledge  and  skill  of  the  user.  As  examples  of  IX  utilisation,  two 
case  studies  involving  IX  surveys  are  described.  The  technical 
approaches  and  lessons  learned  during  these  two  exaifele  studies  may  be 
applicable  to  the  Phase  XX  sits  investigations  of  the;  IXP. 

ELECTRICAL  RESISTIVITY  I 

Electrical  resistivity  is  one  type  of  surface  geophysical  method 
which  uses  the  principles  of  electricity.  Usctric  current  from  a 
series  of  batteries  la  conducted  through  two  electrodes  which  are  pushed 
into  the  ground,  the  resulting  voltage  drop  produced  by  the  current  is 
measured  across  the  other  two  electrodes  which  are  also  pushed  into  the 
ground,  the  instrument  measurement  is  normally  expressed  in  ohm-feet 
and  is  called  apparent  resistivity.  The  apparent  resistivity  is 
affected  by  geologic  and  ground-water  conditions  as  well  as  by  man-made 
nond it ions. 
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The  criteria  for  Eh  utilisation  can  ba  summarised  in  four  naia 
itana.  These  items,  shown  in  Figure  1,  are  Seat  Osage  areas*  Limiting 
Factors*  Advantages  and  Disadvantages,  in  can  best  be  utilised  in  open 
fields  that  have  no  surface  or  subsurface  eontraints.  Also,  IK  is 
•aaiast  to  interpret  whan  the  geology  is  homogeneous.  The  Uniting 
factors  for  Eh  utilisation  are  surface  constraints  such  as  asphalt  or 
concrete  and  ponded  water.  Subsurface  constraints  are  pipelines,  buried 
containers  and  solidified  wastes.  Highly  variable  geology  and  mineral-' 
ised  ground  water  such  as  salt  water  intrusion  near  oceans  can  inpede 
the  proper  interpretation  of  Dt  data. 

Electrical  resistivity  affords  the  user  soma  essential  advantages. 
These  advantages  are  the  capability  to  identify  vertical  as  well  as 
horizontal  anomalies  in  the  subsurface.  Investigation  deptha  can  be  as 
deep  as  t,000  feet,  but  the  least  expensive  equipment  known  by  the 
authors  will  investigate  300  feet  below  the  ground.  Also,  vertical 
electrical  soundings  using  the  "Modified  Wanner”  method  (to  be  explained 
in  the  case  studies)  can  be  relatively  accurate  in  actual  geologic 
correlations  at  depth. 

The  disadvantages  inherent  in  XA  are  that  the  probes  must  ba  pushed 
into  the  ground,  Zh  can  be  relatively  time  consuming  and  Eh  requires  a 
7-  to  3-man  crew  for  the  most  effective  utilisation.  These  few  disad¬ 
vantages  are  overcame  by  the  versatility  and  effectiveness  of  the  Eh  to 
give  the  needed  subsurface  data. 

The  utilisation  of  Eh  consists  of  two  main  techniques.  These  ere 
horisontel  profiles  end  vertical  soundings.  Horizontal  profiles  are 
apparent  reeistivity  measurements  at  a  single  sons  below  the  surface 
taken  at  numerous  locations  over  an  area.  Vertical  soundings  are 
apparent  resistivity  measurements  at  various  depths  below  the  surface  at 
one  location.  Figure  2  Illustrates  one  method  of  the  horisontel  profile 
technique.  The  Mannar  array  of  equal  electrode  spacing  enables  !h 
measurements  to  be  made  at  one  general  depth  sons  at  numerous  locations 
on  a  site.  A  recommended  selection  of  electode  "A*  spacing  tor  a  pro¬ 
file  should  be  between  one  and  two  times  the  depth  of  interest  (hi son, 
197S).  As  illustrated  in  Figure  2,  the  electrode  s pacings  are  at  equal 
distances.  The  current  is  conducted  through  the  C  and  C*  electrodes  and 
the  voltage  drop  is  measured  between  the  p  and  »•  electrodes.  The 
formula  for  calculating  the  apparent  resistivity  using  the  Wanner  method 
is  as  followst 

p  •  A  <2ny> 

Where i  p  •  apparent  resistivity  in  ohm-fast 

A  •  electrode  "A"  spacing  between  individual  electrodes  in 
fast 
n  *  3.i4 

v  •  voltage  in  millivolts 
x  •  current  la  allllamperes 

The  hi son  Model  23SO»,  weed  by  the  authors,  internally  calculates  the 
factor  (l&y )  sc  one  must  only  multiply  the  "A"  spacing  times  the  tieon 
dial  tiMiAy  and  scale  multiplier  to  obtain  the  apparent  reeistivity. 


Formula  for  Apparent  Resistivity 


Figure  3  illustrate*  on#  nethod  of  the  ascend  £*  technique, 
vertical  soundings.  Vertical  sound inqs  ere  aeesureaents  of  apparent 
resistivity  at  various  depths  at  one  location.  The  depths  at  which 
apparent  resistivity  aeasurenents  are  aade  can  be  varied  depending  on 
the  "Modified  Wanner"  electrode  spa cinq  selected  (Carrington  and  Watson. 
1981).  The  authors  no really  obtain  aeasurenents  at  two-foot  intervals 
to  a  depth  of  100  feet.  The  authors  have  found  that  by  uslnq  the 
"Modified  Wanner”  nethod,  electrode  spacing  across  the  land  surface 
approxinately  equals  the  depth  of  investigation  within  the  subsurface, 
ha  in  the  Wanner  nethod,  the  current  in  the  "Modified  Wanner”  nethod  is 
conducted  through  the  outer  electrodes  and  the  voltage  drop  is  aeasured 
between  the  inner  electrodes.  Zn  the  "Modified  Wanner"  nethod,  the 
outer  electrodes  renain  stationary  while  the  inner  electrodes  are  noved 
at  regular  intervals  outward  fron  the  preselected  geoelectric  center  of 
the  array.  The  fornula  for  apparent  resistivity  at  an  individual 
electrode  spacing  is  as  follows: 


(2JlRi 


" _ 1 _ * 

r/r1-i/r2-l/r3>l/r4 

w  « 


where  p  -  apparent  resistivity  in  ohn-feet 
n  •  3.i4 

R  «  resistivity  in  ohns 


> 


V  &t*3'  *4 


•  distances  between  individual  electrodes  in 


The  factor  (2  Ml)  is  again  internally  calculated  by  the  Bison  2350  B 
unit.  The  factor  in  brackets  is  a  constant  value  in  feet  for  a 
particular  electrode  array.  Bxanplas  of  the  constant  values  are  shown 
in  tables  in  the  discussions  of  case  studies. 

GLACIAL  TZZX  CASK  STUDY 

An  KB  survey  was  conducted  at  a  site  located  in  glacial  till. 
Glacial  till  is  unsorted  end  nonstratlfled  arterial  deposited  by 
glaciers.  Zt  is  conposed  of  various  alses  of  rock  fragwsats  fron  clay 
else  to  boulder  else.  Ths  history  of  the  site  included  the  disposal  of 
hasardous  organic  as  well  as  natal  contaminants.  Organics  such  as  ben- 
sene,  ethylbensene,  chlorobemsene,  asthylens  chloride,  toluene,  tri¬ 
chloroethylene  and  phenol ics  wars  analysed  free  ground  water  eoni toeing 
wells  installed  after  ths  KB  survey.  Metals  such  as  chrceius,  ooppsr, 
aercury,  nickel  and  sine  were  also  analysed  fron  ths  ground-water 
aaaples. 

Figure  4  illustrates  a  vertical  sounding  obtained  at  the  site.  A 
test  boring  located  near  the  sounding  is  also  shewn  to  illustrate  the 
close  correlation  between  the  sounding  and  the  boring  log.  The  water 
table  and  top  of  reek  were  effectively  correlated.  The  apparent  re¬ 
sistivity  graph  shows  the  n—aroue  variations  in  the  subsurface  apparent 
fweiativity.  the  very  high  value  between  the  ground  surface  end  five 
test  below  ground  is  interpreted  as  dry  as dines ts.  the  water  table, 
—countered  at  7.1  feet  in  the  boring,  is  interpreted  —  be  at  •  feet  an 
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P-P,  SPACING  (ft.) 


APPARENT  RESISTIVITY  (Ohm-ft.  X  10) 


CUMULATIVE  RESISTIVITY  (oND-ft.  X  102) 


th*  Bounding.  Mot*  th*  vary  low  apparant  raaiatlvity  valu*  at  8  faat. 
A  major  thif t  in  th*  apparant  raaiatlvity  graph  and  th*  cuaulatlv*  ra¬ 
aiatlvity  graph  occur*  at  30  fact.  Thia  ahift  ia  intarpratad  aa  th* 
topof  rock.  Th*  rock  typ*  ia  ahal*  ao  a  dacraaa*  in  th*  raaiativlty 
would  ha  axpactad.  8a low  30  Coat  variation*  in  th*  apparant  raaiatlvity 
graph  ar*  intarpratad  aa  ninor  fracture*  and/or  lithologic  changaa.  Th* 
boring  waa  terminated  at  30.3  faat  ao  th*  da* par  interpretation*  hav* 
not  b* an  confined.  Table  1  liata  the  actual  netar  reading*  and  alac- 
troda  apaclnga  and  th*  raaulting  calculation*  aad*  to  datarnina  th* 
Apparent  raaiatlvity  and  cuaulatlv*  raaiatlvity  for  th*  vertical 
electrical  Bounding  (vn)  shown  in  Figure  3.  Table  i  was  prepared  using 
a  special  coaputar  prog ran. 

Following  th*  soundings,  gaoalactric  son**  war*  aalactad  in  which 
horisontal  electrical  profiles  war*  conducted.  G*o*l*ctrie  son**  of 
approaiaataly  5,  10,  25  and  SO  faat  below  ground  war*  selected.  Figure 
5  ia  a  result  of  th*  profiles  on  and  surrounding  th*  ait*.  Physical 
constraints  such  as  pipelines  and  concrete  pods  prevented  profiles  over 
a  najority  of  the  ait*  itself.  Zn  Figure  5,  the  significant  resistivity 
anomalies  (values  lass  than  40  ohm-faet)  ar*  shown  in  separata  areas  for 
each  «lectrod*  "A*  spacing  of  S,  10,  25  and  SO  fast.  Background  profile 
•sloes  ranged  fro*  150  to  650  oh*- faat.  Mot*  that  off-slta  toward  the 
southwest  two  areas  ware  identified  as  resistivity  anoaalles  at  approxi¬ 
mately  25  and  50  faat  deep.  Thao*  areas  ar*  not  downgradiant  of  the 
■it*.  The  downgradiant  direction  is  north  and  northeast.  Th*  areas 
war*  later  determined  to  ba  areas  of  a  previous  landfill  not  associated 
with  the  sit*  under  investigation.  Th*  anoaalias  north  of  the  alt*  in 
ths  widest  area  of  th*  river  alluvium  war*  not  associated  with  hasardous 
wants*  but  ware  found  to  be  asociated  with  lithologic  changes  in  the 
•wbeurfac*.  All  other  anomalies  north  and  northeast  of  the  sits  war* 
Associated  with  hasardous  wastes  in  th*  subsurface.  Leachate  waa  also 
visible  in  these  areas. 

CMYSTALLINB  MOCK  OVERSOADD  CASK  STUDY 

An  88  survey  was  conducted  at  a  sit*  located  in  crystalline  rock 
overburden.  Th*  crystalline  rock  oveburdan  was  composed  of  clay,  silt, 
sand  and  weathered  rock.  Th*  crystalline  rock  was  hornblende-blot! t* 
schist.  Schist  is  s  aataaorphic  rock.  Th*  history  of  this  sit* 
included  a  surface  Impoundment  used  to  dispose  of  acidio  wastes  with 
high  concentrations  of  lead.  Th*  surface  impoundment  was  subsequently 
closed,  but  stream  water  quality  downgradiant  of  th*  sit*  was  impacted 
by  contaminated  ground  water  an taring  the  stream. 

Figure  6  illustrates  a  vertical  sounding  obtained  at  ths  site.  A 
test  boring  located  near  th*  sounding  is  also  shown  to  Illustrate  the 
closa  correlation  between  ths  sounding  aad  th*  boring  log.  Significant 
apparent  resistivity  graph  changes  correlate  well  with  lithologic 
changes  in  th*  boring  log.  Mot*  th*  relatively  stabilised  apparent 
resistivity  graph  between  IS  aad  42  faet  and  between  58  and  SO  feat. 
These  two  sons*  on  th*  sounding  graph  correlate  with  the  sandy  silt  (IS 
to  42  faet)  and  weathered  rock  (58  to  84  foot)  on  th*  boring  log.  Also, 
ths  relatively  high  apparent  resistivity  between  54  and  58  foot  on  th* 
sounding  graph  eorrslatas  with  the  sand  son*  between  52  and  58  faat  on 
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the  boring  log.  Note  that  the  dri liar  indicated  moderate  water  loss 
while  drilling  between  64  and  94  feet.  This  water  loae  cone  is  in¬ 
dicated  on  the  sounding  graph  as  fractures  between  80  and  86  feet. 
Below  86  feet  on  the  sounding  graph  the  resistivity  values  do  not  vary 
substantially.  This  is  Interpreted  as  consolidsted  rock  with  little  or 
no  fractures.  This  sounding  investigation  was  carried  to  a  depth  of  200 
feet,  but  the  boring  was  terminated  at  94  feet.  Table  2  lists  the  aster 
readings  and  electrode  apacings  for  the  sounding  shown  in  Figure  6. 

Following  the  soundings,  geoelectric  cones  of  approximately  10,  30, 
60  and  100  feet  below  the  subsurface  were  selected  for  profiling. 
Figures  7,  8,  9  and  10  are  a  result  of  the  profiles  on  and  surrounding 
the  site.  Several  physical  constraints  such  as  pipelines,  fences  and 
access  permission  limited  the  number  of  profile  stations  in  the  home 
subdivision  downgradient  of  the  site.  Figure  7  is  an  apparent  resis¬ 
tivity  profile  nap  showing  the  profile  station  locations,  resistivity 
values  and  contouring  of  the  most  significant  anomalies.  The  electrode 
spacing  is  10  feet.  This  cone  is  above  the  water  table.  The  most 
significant  anomalies,  those  with  values  less  than  500  ohm-feet  are 
located  around  the  closed  surface  impoundment  and  just  north  of  the 
stream  confluence. 

Figure  8  is  an  apparent  resistivity  profile  map  using  an  electrode 
*h"  spacing  of  30  feet.  This  cone  is  below  the  water  table.  The  most 
slgnificsnt  anomalies  are  more  aerially  extensive  and  the  values  are 
generally  lower  than  those  of  the  previous  profile  at  10  feet.  Mote 
the  length  of  the  east  stream  that  is  Interpreted  to  be  impacted  by 
contaminated  ground-water  discharge.  Also  note  the  contouring  of  a 
suspected  contamination  plume  from  the  west  end  of  the  impoundment  to 
the  west  stream.  This  plume  was  confirmed  by  surface  water  quality 
measurements. 

Figure  9  is  an  apparent  resistivity  profile  map  using  an  electrode 
"A"  s peeing  of  60  feet.  This  cone  is  within  the  weathered  rock  cone 
just  above  the  top  of  rock.  It  was  interpreted  as  the  most  seriously 
contaminated  rone.  The  values  are  less  than  200  ohm-feet  in  a  broad 
area  from  the  surface  impoundment  to  the  east  stream.  Monitoring  walls 
confirmed  the  presence  of  ground-water  contamination  in  this  cone. 

Figure  10  is  an  apparent  resistivity  profile  map  using  an  electrode 
"6*  spacing  of  100  feet.  This  cone  is  within  consolidated  rock.  The 
resistivity  anomaly  is  limited  in  aerial  extent  and  the  values  are 
greater  than  200  ohm-feet.  The  anomaly  may  indicate  an  area  of  frac¬ 
tures  within  the  rock. 

COMCLOSZOm 

Electrical  resistivity  surveys  utilised  as  exploration  techniques 
can  be  vary  cost-effective  in  gathering  geologic  and  ground-water  data 
during  1*»  these  II  haxardous  waste  site  investigations.  Both  soundings 
and  profiles,  if  properly  conducted  and  interpreted,  can  guide  the 
placement  of  ground-water  monitoring  wells.  The  wells  can  be  effective¬ 
ly  located  to  intersect  suspected  ground-water  contamination.  the 
geophysical  approach  prior  to  drilling  is  preferred  by  the  authors 
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whenever  Che  utilisation  can  be  effective.  The  authors  recommend  that 
soundings  be  conducted  in  the  suspected  upgradient  direction,  on  site 
and  in  the  suspected  downgradient  direction.  Interpretations  should  be 
correlated  with  available  geologic  data  and  the  relative  resistivity 
values  of  the  soundings  should  be  coe pared  to  determine  if  an  anomaly 
can  be  identified  and  napped  by  the  profile  technigue.  If  the  anoaaly 
can  be  napped,  then  a  coaiplate  EH  survey  (additional  soundings  and 
profiles)  should  be  conducted.  A  complete  S  survey  should  not  be 
conducted  if  the  resistivity  data  results  will  not  yield  significant 
findings  to  advsnee  the  Phase  IX  investigation. 


Electrical  resistivity,  as  with  all  geophysical  techniques,  should 
be  confirmed  by  actual  drilling  and  ground-water  senpling,  but  knowing 
where  to  drill  and  how  deep  to  saaple  are  two  very  inportant  factors 
that  can  save  tine  and  money  aa  well  as  improve  the  professionalism  of 
the  investigation. 
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INTRODUCTION 

The  Hazardous  Materials  Technical  Center  (HMTC)  was  established  in 
June  1982  by  the  Defense  Logistics  Agency  (DLA)  to  provide  a  center  of 
expertise  on  technology  and  regulations  related  to  handling,  storage, 
transportation  and  disposal  of  hazardous  materials,  The  need  foT  an  HMTC 
began  with  the  assignment  of  responsibility  to  DLA  for  managing  most  of 
the  hazardous  wastes  in  the  Department  of  Defense,  (DOD).  To  help  in 
carrying  out  this  responsibility  DLA  decided  to  establish  a  contractor 
operated  Hazardous  Materials  Technical  Centdr.  Through  eoatpetitivc 
procurement  the  Dynanac  Corporation  of  Rockville,  Maryland  was  selected 
to  establish  and  operate  this  Center. 

4his  presentation  discuses  the  purpose,  functions,  and  operating 
experience  of  the  WTC.  The  KC  is  an  Information  Analysis  Center 
operated  for  NA  with  technical  supervision  by  the  U.S.  Army 
Eevirommeutel  Hygiene  Agency  and  HA.  The  Cuter' s  logo  is  baaed  on  the 
Department  of  Transportation  diamond- shaped  haserdees  subs tames  warning 


symbol  with  a  green  diamond  in  che  background  symbolizing  Che  HKTC’s  role 
in  safety  and  protection  of  health  and  the  environment. 

'The  purpoce  of  the  HMTC  la  to  provide  a  single  location  as  a  source 
for  information  on  all  aspects  of  hazardous  materials  technology  and 
regulatory  requirements.  To  develop  this  source  HMTC  will  Identify, 
Collect,  Assess,  Synthesize,  and  Disseminate  information  on  technology 
and  regulations  for  the  management  of  hazardous  materials  and  wastes. 

This  Information  will  cover  all  aspects  of  hazardous  materials/waste 
management  and  will  come  from  a  wide  variety  of  sources.  The  data  will 
be  evaluated  by  the  HMTC  staff  and  the  result  disseminated  In  *user 
friendly''  manner  by  the  most  appropriate 

The  Initial  users  will  be  primarily  DLA  and  che  Military  Services, 
with  information  provided  to  other  Federal,  State  and  local  government 
agencies  and  the  commercial/industrial  sector  on  a  non-interference  basis. 

FUNCTIONS 


maans 


The  HMTC  is  organized  along  two  functional  lines:  development  of  a 
variety  of  products  and  services,  and  the  creation  of  the  Disposal  File 
for  the  Hazardous  Materials  Information  System  (HKIS).  The  first 
functional  area,  Products  and  Services,  Includes  the  development  of  a 
variety  of  technical  written  publications  such  as: 

o  Handbooks  are  general  guidance  documents  on  broad  topics. 

Potential  subjects  are  Disposal  Technologies,  and  the  Storage  and 
Handling  of  Hazardous  Materials. 

o  State-of-the-Art  Reports  (SOAR*)  are  more  specific  and  limited 
than  handbooks  and  can  Be  considered  monographs  targeted  to  an 
experienced  technical  audience.  Some  potential  topics  are 
Hazardous  Haste  Exchanges,  and  Monitoring  Equipment  for  Hazardous 
Waste  Disposal  Sites. 

o  Critical  Xeviews/Teehnical  Assessments  are  similar  to 
»tate=5g-t’Ke-m  TepoHT  buVeven'mo??  specialised. 


o  Tha  giwUtttr,  the  HMTC  UPDATE,  Is  s  quarterly  publication 
containing  articles  on  new  technology  and  regulatory 
developments,  a  calendar  of  events,  and  other  articles  of 
interest  to  personnel  engaged  in  any  aspect  of  hasardous 
materials/waste  management. 

o  Abstracts  and  Indices.  HMTC  compiles  abstracts  of  all  the 
pertinent  literature  added  to  the  Center's  repository  and 
publishes  the  HMTC  Abstract  Bulletin  on  a  quarterly  basis.  The 
HMTC  also  prepares  an  annual  index  of  all  the  abstracts  published 
that  year.  The  abstracts  are  sorted  Into  twelve  aajor  index 
categories  and  retrievable  using  a  specially-developed 
hierarchical  keyword  systen. 

o  Bibliographic  Searches.  In  addition  to  the  HMTC  database  the 
Center  has  access  to  some  200  other  computerised  databases.  A 
search  begins  with  development  of  a  search  strategy  designed  to 
maximize  retrieval  of  relevant  material.  The  selected  databeees 
are  searched  and  the  Identified  abstracts  reviewed  to  eliminate 
duplicates  and  obviously  Irrelevant  material.  The  abstracts  are 
then  sorted  alphabetically  by  senior  author  and  bound  into  a 
booklet  for  delivery  to  the  client.  Typical  subjects  for 
bibliographic  searches  have  included  environmental  and  health 
effects,  treatment  of  hazardous  wastes,  and  toxicity  data. 


Another  service  of  HMTC  is  the  response  to  technical  inquiries.  The 
inquiries  are  received  by  phone  or  mail,  and  assigned  to  a  technical 
staff  member  for  preparation  of  the  response.  They  are  also  Included  in 
the  HMTC  user  analysis  program.  One  purpose  of  the  latter  is  to  identify 
common  areas  of  concern  for  early  action.  Each  response  also  is 
abstracted  and  Included  in  the  HMTC  database.  Typical  subjects  for 
technical  inquiries  Include  disposal  technology,  regulatory  requirements, 
product  composition,  and  safety  and  health  procedures. 


In  the  special  studies  category,  HMTC  has  performed  a  variety  of 
projects  including  system  safety  studies  of  storage  facilities, 
engineering  evaluations  of  disposal  technologies,  development  of  remedial 
action  specifications  for  hasardous  waste  disposal  sites,  and  hasardous 
waste  management  surveys.  We  also  provide  support  to  the  National 
Library  of  Medicine  development  of  the  Toxicology  Dace  lank.  In  the 
performance  of  special  studies,  we  draw  upon  not  only  the  WtTC  full-time 
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staff  but  alto  on  tha  multidisciplinary  and  highly-experianced  scianca 
and  anglnaaring  staff  of  tha  entire  Dynsmac  Corporation. 

The  Dynaaac  In-house  computer  resources  are  used  to  perfora  tha 
cataloging,  storage,  and  management  of  the  information  used  in  preparing 
technical  inquiry  responses,  disposal  data,  and  the  various 
publications.  Currant  plans  are  to  have  s  hazardous  substances 
regulatory  database  and  the  KM IS  available  as  on-line  systems  in  the  near 
future . 


The  other  aajor  function  of  the  HMTC  is  the  development  of  a  dis¬ 
posal  file  for  the  Hazardous  Materials  Information  System  (HM1S).  The 
HMIS  la  a  computerized  database  set  up  in  1978  by  DLA  to  provide  an 
organized  repository  for  the  information  on  the  Material  Safety  Data 
Sheets  (MSDSa)  received  froa  the  suppliers  of  materials.  The  HMIS  is 
also  intended  to  assist  in  achieving  compliance  with  pertinent  regula¬ 
tions  in  the  areas  of  safety,  health,  and  transportation  by  making  the 


necessary  information  readlty  available  to  persons  in  these  areas. 

The  data  files  and  the  data  elements  currently  in  HMIS  are  deacrlbed 
in  the  following  overview,  setting  the  stage  for  discussion  of  the  data 
eleswnts  for  the  Disposal  File. 

The  HMIS  currently  has  two  data  fllea: 

o  Safety  and  Health  FI1- a  -  for  which  the  information  comes 
primarily  4rom  the  Material  Safety  Data  Sheets  (MSDSs). 

o  Transportation  File  -  for  which  the  information  is  prepared  by 
the  person  developing  the  data  for  the  HMIS  based  on  the  MSDSs 
and  other  data. 


The  information  for  third  file  containing  disposal  information,  is 
being  developed  by  the  HMTC  in  eloae  coordination  with  the  users  of  the 
IMIS. 


The  Safety  and  Health  Pile  la  coapriaed  of  five  aajor  aectlona: 
Identification  and  Logistical  Data;  Cheaical  Coapoaltion  and  Phyaical 
Propertiea  Data;  Safety  and  Health  Information;  Storage,  Spill,  Leak,  and 
Diapoaal  Procedure*  Data;  and  Supplemental  Safety  and  Health  Data.  The 
Identification  and  Logistical  Data  aectlon  contains  key  lteas  for  the 
product,  such  as  National  or  Local  Stock  Number,  Federal  Supply  Code  for 
Manufacturers,  NIOSH  Code,  and  Focal  Point  Indicator,  which  are  unique  to 
the  product  and  may  serve  as  links  to  the  other  files  (Transportation  and 
Disposal).  These  data  eleaents  also  serve  as  a  basis  for  retrieving 
inforaation  froa  the  Safety  and  Health  File. 

The  Cheaical  Coapoaltion  and  Physical  Properties  section  contains 
lnforsution  about  the  cheaical  coaponents  and  the  physical  and  cheaical 
properties  of  the  material,  such  as  pH,  boiling  point,  vapor  pressure, 
solubility,  and  flash  point. 

The  Safety  and  Health  Information  section  contains  Inforaation  on 
such  lteas  as  explosive  concentrations,  threshold  Halt  value  (TLV), 
first  aid  procedures,  hazardous  decomposition  products,  and  protective 
equlpaent . 

The  Storage,  Spill,  Leak,  and  Disposal  Procedures  section  provides 
the  user  of  the  product  with  guidance  on  appropriate  action  to  take  in 
storing  the  product,  and  how  to  handle  a  spill  of  the  product,  and  in 
what  manner  the  contained,  spilled,  or  leaked  aaterlal  should  be 
disposed.  The  waste  disposal  referred  to  here  is  for  materials  used  to 
clean  up  spills  and  is  very  general  in  nature.  A  typical  instruction  is 
'Place  aaterlal  in  suitable  container  for  shlpaent  to  disposal  area." 
Obviously,  this  is  not  enough  to  Insure  compliance  with  regulatory 
requireaents  for  routine  hazardous  aaterlal*  waste  disposal.  The 
Supplemental  section  is  used  for  inforaation  which  exceeds  the  capacity 
of  the  data  eleaents  In  the  other  sections. 


4’ 


Similarly,  the  Transportation  Pile  has  an  Identification  and 
Logistical  sat  of  data  alaaants  In  addition  to  Transportation  and 
Supplemental  data  eleaents.  The  Identification  and  Logistical  data  in 
th«  Transportation  File  serve  Che  saae  purpose  as  those  data  In  the 
Safety  and  Health  File.  However,  the  Transportation  data  pertains  « 

exclusively  to  the  Banner  In  which  hasardous  materials  are  shipped. 

Beginning  with  the  product  measurement  data  end  special  chemical  classes 
in  regard  to  shipping  and  ending  with  the  different  avenues  of  shipment 
(road,  water,  or  air),  the  transportation  data  provides  the  user  with  a 
comprehensive  source  of  information.  This  Information  Is  used  to 
determine  transportation  restrictions,  shipping  modes,  packaging,  and 
labeling  and  manifesting  requirements.  The  Supplemental  section  in  the 
Transportation  File  serves  the  saae  purpose  as  In  the  Safety  and  Health 
File. 


The  final  data  file  la  the  Disposal  File  which  Is  being  developed  by 
the  HMTC  in  close  coordination  with  the  organisations  expected  to  be 
using  the  File  and  based  on  their  experience. 

It  Is  proposed  that  five  major  sections  of  data  elements  will 
comprise  the  Disposal  File.  These  sections  include: 

o  General  Information 

o  Disposal  Data  Elements 

o  Waste  Manifest  Data  Elements 

o  Bandling/Storege  Data  Elements 

o  Supplemental  Disposal  File  Data 

The  General  Information  ssctlon  is  comprised  partly  of  those  data 
elements  found  In  the  Identification  and  Logistical  data  sections  of  the 
existing  Safety  and  Health  and  Transportation  files. 
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Th«r«  arc  alto  aaveral  new  data  elements  in  thla  file.  For  cha 
purpose*  of  this  discussion,  only  the  significant  new  data  eleaents  are 
presented  for  consideration.  These  data  eleaents  are  focused  on  DOD's 
needs  and  not  all  entries  will  be  of  interest  or  use  to  the  non-DOD 
coaaunity,  especially  in  the  General  Information  section.  However,  some 
information  even  in  that  section  and  most  of  the  information  in  the 
others,  are  of  coaaon  Interest. 


General  Information  (new  data  eleaents) 


o  Accountability  Acceptance  by  Defense  Property  Disposal  Office 
(DPDO)  -  DOD  policy  has  established  eight  categories  of  hazardous 
materials,  such  as  biological/chemical  warfare  agents,  unique  RAD 
wastes,  and  municipal  wastewater  sludges  that  are  not  to  be 
reporced  to  a  DPDO  for  disposal.  DOD  policy  is  that  these 
materials  will  be  the  responsibility  of  the  generator  of  the 
material.  This  first  new  data  element  would  indicate  whether  or 
not  the  material  is  in  any  of  those  excluded  categories  and  would 
therefore  ensure  uniform  application,  worldwide,  of  this  policy. 

o  DPDO  Disposal  Assistance  Service  -  indicates  those  items  for 
which  a  DPDO  will  provide  disposal  assiatance  even  though  not 
required  to  formally  accept  the  item,  l.e. ,  a  DPDO  might  set  up  a 
service  contract  to  dispose  of  Industrial  sludges. 

o  Environmental  Impact  Statement/Environmental  Assessment 

Availability  -  Indicates  whether  a  National  Environmental  Policy 
Act  document  has  been  prepared  on  the  disposal  of  this  substance 
and  where  copies  of  this  document  are  available. 


Next,  the  Disposal  Data  elements  appear,  which  are  the  key  items  of 
the  HMIS  Disposal  File.  They  indicate  the  appropriate  EPA  Hazardous 
Waste  Code  under  RCRA,  the  hazardous  characteristic (s) ,  and  whether  any 
or  all  parta  of  the  DOD  disposal  cycle  can  be  bypassed.  These  elements 
will  provide  complete  technical  instructions  and  recommendations  for 
disposal  of  the  material,  supported  by  a  technical  handbook  which  allows 
che  presentation  of  detailed  information. 


o  DOT  Hazard  Claaa  -  coacaloa  tha  propar  hazard  waste  claaa  for 
shipment  of  hazardous  waste. 

o  OM /BA  Humber  *  provides  althar  tha  United  Hat Iona  Number 

approprlata  for  Incaraatloaal  aad  domestic  shipments  or  tha  HA 
nuabar  for  Items  not  racogaicad  for  International  shipment 
(except  to  or  from  Canada). 

o  DOT  Waste  Label,  -  lndlcataa  tha  type  of  labal  apadflad  for  tha 
ltaai  aa  a  waata. 

o  Rt portable  Quantity  -  lndlcataa  If  tha  package  quantity  la  larga 
anough  to  ba  conaldarad  a  “Reportable  Quantity.** 


The  naxt  group  of  data  alaaanta  ara  designed  to  provide  Information 
on  apeclal  handling  and  atoraga  requirement •  or  pracautlona  relevant  to 
the  hazardous  material.  Although  aome  of  thia  Information  may  duplicate 
data  already  In  the  Safety  and  Health  or  Tranaportatlon  Flies,  an 
expanded  input  will  provide  more  specific  Information  to  meat  the 
regulatory  requirements  of  DOT  and  EPA. 


Handllng/Storage  Data  Elamanta 


o  Handling/Storage  Precautions/Materials  To  Avoid.  Indicates 

specific  handling/storage  requirements  or  precautions  relevant  to 
the  hazardoua  characterlatlca  of  tha  material.  For  example 
exposure  to  hast /cold/water  or  dryness  or  just  simple  aging  could 
change  the  properties  of  certain  materials  and  make  than  more 
hazardous . 

o  HM1S  Storage  Compatibility  Code.  Indicates  storage  compatibility 
codas  aa  defined  In  the  HHIS  Procedures  Manual,  DOD  6050. SHM. 

o  Spill  and  Leak  Control.  Contains  emergency  procedures  for 
control  of  a  spill  or  leak. 


The  Supplemental  Disposal  Pile  data  elamanta  will  provide  a  place  to 
list  any  unique  data  relevant  to  disposal  of  the  Item,  as  well  as 
providing  additional  explanatory  data  relative  to  other  date  elements. 


Although  the  data  elements  proposed  for  the  Disposal  Pile  appear 
primarily  administrative  and  logistical  In  nature,  they  are  synthesised 
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from  extensive  scientific  and  technical  information  on  tha  hazardous 
**ieri*l»  to  ensure  that  the  procedures  recommended  are  technically 
sound,  meet  all  environmental  and  health  regulations,  and  are 
lmplementable. 

For  example,  the  following  factors  are  considered  in  the  development 
of  these  data  elements: 

o  Potential  degradation  due  to  long  term  storage,  e.g. ,  picric  acid 
will  produce  explosive  crystals  upon  aging 

o  Environmental  transport  mechanisms  and  environmental  fate 

determined  by  the  chemical/physical  properties  of  the  material 
and  specific  site  characteristics 

o  Treatment  technology  evolutions  such  as  biodegradation, 

mlcro-orga  Ism  acclimatization,  chemical  neutralization,  fixation 
and  solidification,  slow  and  rapid  oxidation 

o  Industrial  hygiene  and  engineering  control  technology  as  parts  of 
a  safety  and  health  program  for  disposal  workers 

The  development  of  special  products  by  the  HMTC  is  the  next  topic  to 
be  addressed  in  this  paper.  The  HMTC  contract  contains  an  income 
objective  provision  which  permits  the  addition  of  new  tasks,  related  to 
the  management  of  hazardous  materials  or  wastes,  in  a  relatively  short 
time  period.  The  special  product  development  begins  with  discussion 
between  customer  and  HMTC  staff  to  establish  a  thorough  understanding  of 
the  customer  needs.  HMTC  staff  then  prepares  a  detailed  work  plan 
containing  the  technical  approach,  time  schedule,  cost  estimate  and 
categories  of  personnel  to  be  used  on  the  project.  After  approval  of  the 
work  plan,  the  customer  transfers  the  funds  to  DLA  and  the  project 
begins.  After  some  paperwork  is  completed  to  establish  the  initial 
mechanism,  any  new  task  can  be  underway  in  about  two  weeks  after 
discussions  begin  between  the  customer  and  HMTC. 

Most  of  the  discussion  in  this  presentation  center  on  the  activities 
of  the  Technical  Operatlons/HMIS  Croup.  This  group  consists  of 
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engineers,  chemists,  biologists,  toxicologists,  and  many  othar  acianclflc 
and  technical  apaclallata  drawn  froa  acroaa  the  Dynaaac  Corporation  aa 
neceaaary.  Supporting  thla  group  la  the  Information  Support  Systeas 
Croup  which  operatea  the  computer  and  the  HMTC  repository  and  la  composed 
of  a  ataff  of  coaputer  prograaaera,  data  entry  personnel,  a  librarian, 
and  reaearch  aaaletanta.  The  Center  alao  haa  a  Uaer  Relatione  Croup 
whose  aaln  function  la  to  Identify  user  needs  to  assist  in  refining  the 
HMTC  products  and  services.  The  Publications  Croup  alao  publicizes  HMTC 
through  a  periodic  newsletter,  brochures  and  news  releases.  This  group 
produces  two  periodicals,  the  HMTC  UPDATE  (a  quarterly  newsletter),  and 
the  HMTC  Abstract  Bulletin.  It  also  provides  editorial  review  for  all 
reports  and  other  documents  prepared  by  HMTC. 

The  »ITC  Is  physically  located  in  The  Dynaaac  Building  at  11140 
Rockville  Pike,  Rockville,  Maryland. 

Mall  should  be  sent  to: 

Hazardous  Materials  Technical  Center 

P.0.  Box  8166 

Rockville,  Maryland  20856-8168 

HMTC  also  has  dedicated  phone  lines  for  easy  access.  Froa  anywhere 
in  the  United  States,  Including  Alaska  and  Hawaii  (but  not  Maryland),  you 
can  reach  HMTC  via  (800)  638-8958.  In  Maryland  call  (301)  468-8858. 

HMTC  can  also  be  reached  via  the  FTS  on  (202)  466-8858.  Since  HMTC  Is 
not  an  eaergency  response  center,  the  phone  lines  are  staffed  only  during 
noroal  Eastern  Tlae  Zone  business  hours,  l.e. ,  8  aa  to  5.30  pa,  Monday 
through  Friday.  During  other  hours  your  aessage  will  be  recorded,  and 
your  call  returned  the  next  business  day. 

In  conclusion,  HMTC  Is  a  center  of  technical  and  regulatory 
expertise  serving  prlaarlly  DU  and  DCO  with  publications  and  services, 
and  thess  are  provided  to  others  on  a  noninterference  basis.  He  will  be 
working  closely  with  all  potential  uaers  to  ensure  those  products  and 
services  asst  the  user  needs. 
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U.S.  Environmental  Protaction  Agency 
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Community  relatione  activitiee  during  hasardoua  waste  site  cleanups  are 
important  for  several  reasons.  Through  these  activities,  the  response  agency 
can  provide  citizens  affected  by  the  site  with  needed  information  about  site 
contamination  and  the  likely  effects  of  cleanup  actions.  Citizens  in  turn  can 
provide  the  response  agency  with  needed  information  about  the  extent  of 
contamination,  about  alternative  raaponae  actions,  and  about  responsible 
parties.  And,  a  close  working  relationship  between  the  response  agency  and 
the  community  can  help  ensure  that  the  community  will  support  a  cost-effective 
remedy  at  the  site.  This  paper  describes  what  the  Environmental  Protection 
Agency  (EPA)  has  learned  about  effective  community  relatione  activities  at 
hazardous  waste  sites  and  suggests  how  some  aspects  of  EPA'e  approach  to 
community  relations  may  be  applicable  to  Department  of  Defense  (DOD)  sites. 

EPA'S  COMMUNITY  RELATIONS  EXPERIENCE  ' 

During  the  first  three  years  of  the  Superfund  program,  EPA  has  found  that 
a  good  community  relations  program  at  hazardous  waste  sites  requires 
substantially  more  then  a  public  relations  effort.  For  example,  EPA  has  found 
that  citizens  do  not  always  accept  that  the  government  has  their  best 
interests  at  heart  Just  because  the  agency  keeps  them  informed  about  the 
planned  response  actions.  Instead,  citizens  have  stressed  that  they  want 
specific  kinds  of  information  about  their  site  when  they  need  it  and  in  the 
form  they  need  it.  EPA  has  also  learned  that  some  citizens  want  more  than 
information  about  the  site  and  response  action:  they  want  an  opportunity  to 
be  Involved  in  response  decisions. 

Providing  citizens  with  the  information  they  need  and  involving  them  in 
response  decisions  is  a  resource- intensive  effort  that,  requires  skill  and 
commitment.  For  example,  to  identify  the  kinds  of  information  citizens  want 
about  the  site  and  the  planned  response  action,  agency  staff  must  meet  with 
citizens  and  ask:  what  Information  do  you  want  about  the  site?  in  what  form 
do  you  want  it?  when  and  where  do  you  want  to  receive  it?  how  can  we 
accommodate  your  need  for  information  if  we  cannot  for  some  reason  meet  your 
specific  requests? 

Furthermore,  citlsen  involvement  in  response  decisions  often  requires 


1  Daphne  Gemnlll  is  EPA  Headquarters  Super fund  Community  Relations 
Coordinator.  Mary  D.  Sexton  is  a  consultant  and  community  relations  project 
manager  at  ICF  Incorporated. 
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substantially  sort  than  implementing  a  formal  cnaasnt  pariod  on  raaponsa 
dacisions.  It  can  mean  nesting  with  citizens  regularly  during  reaedial 
planning  to  alicit  and  considar  their  concerns.  It  can  involve  keeping 
records  of  co— ants  citizens  make  throughout  a  response  action  and  then 
deawns t rating  how  the  agency  considered  these  coaaents  and  factored  theei  into 
response  decisions.  Or,  citizen  involveaent  aay  require  eliciting  citizen 
coaaents  on  procedures  for  implementing  coat 'effective  alternatives  and  then 
implementing  the  community's  preferred  approach  (such  as  cosip lying  with  the 
coaaunity's  wishes  about  the  timing  and  route  of  transport  of  wastes 
of f 'Site) .  In  all  cases,  citizen  involveaent  aeans  alvlna  citizens  an 
opportunity  to  affect  response  plannlna  and  decisions. 

EPA's  recognition  that  coaaunlty  relations  requires  both  an  information 
program  and  an  active  citizen  involveaent  prograa  developed  over  a  three  year 
period.  When  the  Superfund  prograa  was  first  iap lamented ,  EPA  conducted  an 
analysis  of  21  hazardous  waste  sites  to  determine  how  coaaunlty  interests  can 
affect  response  activities.  Aaong  other  things,  this  ena lysis  confirmed  that: 

•  Every  site  has  the  potential  for  public  opposition,  heated 
conflict,  and  high  media  visibility; 

•  Public  opposition  to  agency  response  plans  can  lead  to 
delays,  work  stoppages,  obstruction  of  technically  sound 

remedies  and  cost  overruns;  and  , 

•  The  technical  adequacy  of  a  response  action  in  no  way 
assures  public  acceptance. 

In  response  to  this  analysis,  EPA  designed  and  impleaented  a  community 
relations  prograa  for  Superfund.  Under  this  prograa,  EPA  staff  in  the 
Regional  Offices  were  required  to  develop  a  coaaunlty  relations  plan  for  each 
remedial  and  longer  tens  reaoval  site  that  detailed  the  two-way  coaaunlcations 
activities  to  be  conducted  at  the  site.  The  prograa  also  required  that  EPA 
hold  a  formal  comment  period  prior  to  selecting  a  reaedial  alternative  and 
give  prior  notification  before  taking  response  actions.  About  a  year  ago, 
after  undertaking  a  prograa  review  and  listening  to  public  comment,  EPA 
decided  that  its  prograa  was  adequate  as  a  public  information  prograa  but 
inadequate  as  a  citizen  involveaent  prograa. 

Since  that  time,  EPA  has  aodified  its  coaaunlty  relations  policy, 
strengthened  its  commitment  to  involving  citizens  in  response  decisions,  and 
initiated  a  training  prograa  for  Regional  Office  and  state  staff  to  ensure 
that  the  policies  are  understood  and  carried  out.  EPA's  current  goal  is  to 
ensure  that  its  Superfund  coaaunlty  relations  prograa  is  both  a  public 
inforaation  prograa  and  a  public  participation  prograa.  As  Adalnistrator 
William  Ruckelsbeus  stated  recently  during  a  pilot  training  prograa:  "The 
purposes  of  the  prograa  are  to: 
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•  Ebcmiiii  --  actively  --  c It  1mm  to  u^tmi 
cttctru  m4  provide  lx  f  erection; 

•  iMk  out  --  gctlvail  *"  citiMa  cMMiti  to  all  response 
act  Iona ; 

•  Consider  *•  explicitly  —  cltlaao  connects  in  (emulating 
response  doc  la  ions;  and 

•  Explain  --  a  pacifically  *•  boo  citisen  canita  worn 
Incorporated  Into  raapooaa  decisions." 

To  ensure  that  tha  prof ran' a  objectives  ara  reflected  Lx  actlvitlaa 
car r lad  out  at  altaa,  EPA  now  requires  that: 


•  n —unity  ralatlona  plana  ha  baa  ad  upon  dlacuaalosa  with 
atata  and  local  officials,  civic  and  coanunlty 

organ isat Iona ,  intaraatad  raaidanta,  and  aadia  to  gain  a 
firat  hand  undaratanding  of  tha  Mjor  coanunlty  issues, 
c It  liana'  inforaation  naada,  and  lavol  of  public  intoroat. 

•  Coanunity  ralatlona  activities  ha  cloaaly  lntogratad  with 
technical  raaponaa  actlvitlaa. 

•  A  consent  period  be  inplenantad  bafora  ranodial  daclaiona 
are  oade. 

•  Coanunlty  input  be  aolicited  at  other  point*  during  the 
raaponaa  action  aa  well,  wherever  feasible  aad  needed. 

•  Raaponaa  agency  ataff  docunont  how  coanunlty  Input  waa 
considered  aad  incorporated  into  raaponaa  plana. 

Wo  bring  this  abbreviated  history  of  EFA' a  coanunlty  relations  prograa  to 
DOD's  attention  because  no  believe  that  000  can  benefit  froa  IFA's  "lessons 
learned"  in  designing  its  approach  to  coanunlty  relations  during  raaponaa 
actions.  Under  the  Nanorandua  of  Understanding  (HOU)  between  000  aad  EFA  for 
inplaaenting  the  Coaprehena lva  Envlronaental  Response ,  Canpenaation,  and 
Liability  Act  of  19A0,  000  is  responsible  for  providing  in forest ion  to  the 
local  coaanunity  when  000  has  sole  responsibility  for  the  site  and  is  jointly 
responsible  for  coanunlty  relations  activitlM  with  EFA  where  EFA  aad  000 
share  site  responsibility.  The  HOU  atatea  that  EFA  and  000  auat  conduct 
response  actions  in  accordance  with  the  procedures  established  by  the  National 
Oil  aad  Masardoes  Substances  Pol 1st ion  Contingency  Flan  (NCP).  Section 
300.61(c)(9)  of  tha  NCP  requires  that  raaponaa  agencies  "be  sensitive  to  local 
coanunlty  concerns  (in  accordance  with  applicable  guidance)."*  Aa  000 


*  The  NCP  ia  currently  being  revised.  EFA  anticipates  that  the 
provisions  regarding  cenaualty  relations  activitlM  will  be  strengthened. 


explores  what  it  m«a«  to  ba  "sensitive  to  community  concarns",  It  may  wish  to 
coasidar  how  tha  suggested  program  philosophy  and  activitioa  out  1 inad  ba low 
can  ba  tailorad  to  tha  naads  of  Its  Installation  Restoration  Program. 


SUGGESTED  COMMUNITY  RELATIONS  PHILOSOPHY 


EPA  has  found  that  thara  ara  a  number  of  attitudas  that  ara  iaportant  for 
rasponsa  staff  to  hava  and  convay  in  carrying  out  a  cleanup  action: 

•  Considar  tha  site's  coaaunitv  relations  prograa  to  ba  an 
integral  part  of  tha  rasponsa  effort.  This  requires 
building  a  close  working  relationship  between  technical 
response  staff,  public  affairs  staff,  and  any  contractors 
supporting  tha  Dapartaent's  efforts. 

*  Recognize  that  citizen  concarns  are  legitimate  and  that 
they  need  opportunities  to  express  thaa  and  to  hava  thaa 
considered  seriously.  Citizens  living  near  DOD  sites  aay 
believe  that  their  health,  their  children's  health,  their 
water  supplies,  or  their  property  values  are  threatened.  In 
addition,  they  will  have  to  live  with  tha  results  of  any 
response  action  long  after  the  agency  completes  the  action. 

Their  concerns,  therefore,  should  be  addressed  as  early  aa 
possible  in  the  response  action. 

•  Be  sensitive  in  your  dealings  with  citizens.  They  are  not 
adversaries .  Particularly  in  any  early  meetings  with 
citizens,  make  more  of  an  effort  to  listen  than  to  talk  or 
explain  the  Department's  position.  Try  to  identify  what 
citizens'  real  concerns  (such  as  threats  to  health)  are  aa 
opposed  to  their  stated  positions  (such  as  demands  for 
cleanup  in  a  certain  tine  period).  Develop  a  communications 
program  that  responds  to  their  real  concerns. 

*  Acknowledge  that  citizens  may  provide  the  Department  with 
valuable  information.  This  information  may  take  several 
forma:  information  about  responsible  parties;  information 
about  the  extent  of  off -site  contamination;  information 
about  health  effects.  Furthermore,  tome  citizens  may  hava  a 
strong  engineering  or  technical  expertise  that  allows  them 
to  comment  constructively  on  remedial  alternatives  being 
considered  by  the  Department. 


EPA  has  found  that  while  this  community  relations  philosophy  appears  to  be 
straightforward,  it  is  actually  very  difficult  to  Implement  and  to  do  so 
consistently.  DM)  may  encounter  similar  problems.  For  example,  although  DOD 
public  affairs  exports  will  probably  ba  enthused  about  aa  active 
communications  prograa,  scientists  sad  engineers  working  at  the  site  aay  mot 
he  comfortable  with  the  idea  of  meeting  with  cit Isons,  answering  their 


questions,  ind  eliciting  citizen  input.  In  addition  to  sufficient  resources 
el  Iocs ted  to  coaaunity  re 1st  ions,  two  t hints  ere  needed  to  — ks  the  phlloeophy 
work: 

•  Co— unity  relstlons  tra Inina.  Even  if  DOD's  public 
sffsirs  stsff  will  hsve  pr leery  responsibility  for 
conducting  co— unity  relstlons  sctlvitiss  st  sites,  DOD's 
technics 1  response  stsff  will  slso  need  to  seet  with 
citizens,  psrticlpste  in  — etings,  review  citizen  co— ents, 
consider  how  their  input  night  effect  response  decisions, 
end  help  docu— nt  how  the  Depsrtaent  responded  to  citizen 
input.  To  do  these  things  well,  — st  technicsl  stsff  will 
require  treining  in  how  to  avoid  conflict,  in  hew  to  conduct 
end  psrticlpste  in  effective  —etings,  in  how  to  build  good 
aedis  relstlons,  end  in  how  to  identify  sress  for  citizen 
input . 

*  Top  asnsze— nt  co— it— nt.  Integrating  co— unity 
relations  activities  with  the  technicsl  response  progr— 
will  not  happen  unless  the  Depart— nt's  top  — nage— nt  says 
that  it  oust  happen.  With  all  of  the  pressing  response 
efforts  chat  go  on  at  a  hazardous  waste  site,  coaaunity 
relations  will  alwsya  be  given  aini— 1  attention  unless  the 
response  progr— 's  top  aanage— nt  eaphaslzes  that  it  is  a 
high  priority. 

SUGGESTED  SITE  ACTIVITIES 

EPA's  co— unity  relstlons  progr—  eaphaslzes  that  coaaunicatlons 
activities  at  Superfund  sites  should  be  tailored  to  the  needs  of  the 
coaaunlty.  It  includes,  however,  both  required  — d  highly  rern— ended 
activities  that  were  developed  after  an  analysis  of  effective  response  actions 
across  the  country.  DOD  staff  asy  wish  to  consult  the  guidelines  for  these 
activities  that  EPA  has  prepared  for  its  staff  with  Superfund  site 
responsibilities.  (See  U.S.  Environ— ntal  Protection  Agency,  Coaaunity 
Relations  in  Super fund:  A  Handbook,  Septaaber  1983.} 

Based  upon  our  assessaen t  of  those  activities  that  hsve  been  — st  needed 
and  useful  at  EPA  sites,  we  suggest  the  following  coaaunity  relations 
activities  for  DOD's  consideration .  Again,  because  each  site  pres— ts 
— rkedly  differ— t  response  and  cons mnlty  relations  problem,  no  — e  set  of 
activities  can  be  prescribed  for  all  sites.  We  view  the  activities  listed 
below  as  a  nodal  co— unity  relati— s  progr—. 

Activity  1:  Conduct  —  rsoaal  a— tin—  with  concerned  cltla— s. 

Before  performing  site  work,  DOO  public  affairs  or  technical  staff  (or 
both)  c—  consider  a— ting  with  citizens  affected  by  the  site,  local  — d  state 
officials,  and  other  concerned  coaaunity  aoabers  to  id— tify  their  concerns . 
Experience  has  do— nitrated  the  laport—ca  of  early.  —  rsooal  contact  betwe— 


citizens  end  government  response  agencies.  These  meetings  can  be  extresMly 
useful  for  eliciting  coaaunity  input  on  the  following: 


•  The  level  of  public  concern  and  the  history  of  citizen 
involveaent  in  seeking  a  solution  to  problems  at  the  site; 

•  The  types  of  information  citizens  would  like  to  receive  and 
the  form  in  which  they  prefer  to  receive  it  (e.g.,  small 
group  meetings,  fact  sheets,  progress  reports,  news 
conferences) ; 

•  Citizens'  perspectives  on  the  history  of  the  site  and  any 
potentially  responsible  parties  of  which  they  might  be  aware; 

•  The  kinds  of  health  and  environmental  problems  citizens  may 
have  noticed  that  might  have  been  caused  by  exposure  to  the 
substances  found  at  the  site; 

•  The  existence  of  other  citizens  concerned  about  or  having 
information  about  the  site  whom  DOD  should  contact; 

•  Those  elements  of  the  response  action  of  greatest  interest 
to  citizens;  and 

•  The  kinds  of  r»»pon»»  actions  citizens  would  like  to  see 
conducted . 

Activity  2:  Prepere  e  communications  plan  for  the  site 

A  community  relations  plan,  based  upon  discussions  with  interested  members 
of  the  community,  can  be  a  useful  document  for:  detailing  the  Department's 
understanding  of  the  major  community  issues;  explaining  how  the  Department 
will  provide  information  and  elicit  citizen  input;  providing  a  schedule  of 
communicetions  activities*,  and  listing  DOD  staff  that  citizens  can  contact 
with  questions.  This  plan  can  be  provided  to  or  made  available  to  interested 
members  of  the  community. 

Such  a  plan  serves  many  useful  purposes.  It  forces  staff  to  identify 
major  community  concerns  and  think  through  how  the  agency  will  respond  to 
them.  It  requires  staff  to  identify  points  of  community  input  and  to  make 
these  known  to  the  community.  It  is  a  good  management  tool  for  tracking 
program  accomplishments.  And,  it  demonstrates  to  the  community  that  the 
Department  is  serious  about  its  commitment  to  provide  it  with  information  and 
to  provide  it  with  opportunities  for  comment. 

The  plan  obviously  does  not  ensure  that  a  good  community  relations  program 
will  be  conducted  at  the  site.  But,  without  a  plan,  it  is  unlikely  that  a 
program  that  meets  citizens'  needs  will  be  implemented. 
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Activity  3:  Implement  a  formal  count  period  prior  to  selection  the 

cleanup  option 

A  formal  comment  period  on  the  propoaed  remedial  alternative  ia  a  good  way 
to  ensure  that  community  views  on  DOD  response  actions  are  elicited.  In 
addition,  it  would  allow  DOD  to  meet  the  National  Environmental  Policy  Act's 
requirements  for  public  participation. 

During  any  comment  period  implemented  by  DOD  on  proposed  response  actions, 
DOD  might  find  it  advisable  to  conduct  small  group  meetings  or  workshops  to 
explain  the  results  of  its  remedial  studies.  Prior  to  the  close  of  the 
comment  period,  DOD  might  also  wish  to  consider  those  areas  where  it  has  some 
flexibility  in  meeting  citizen  concerns  and  explore  those  areas  with 
citizens.  (For  example,  citizens  might  disagree  with  DOD's  plan  for  the 
placement  of  site  structures  and  DOD  might  be  able  to  change  its  plens  to 
accommodate  citizen  concerns.) 

Activity  4:  Establish  an  information  repository 

An  information  repository  is  a  project  file,  located  in  a  convenient 
location  in  the  community  that  contains  site  information,  investigatory 
reports,  and  other  documents  on  site  activities.  It  is  being  used  as  an 
effective  information  provision  technique  during  a  number  of  Superfund 
response  actions  such  as  the  response  at  the  New  Bedford,  Massachusetts  site. 
The  Ac-ishnet  River  in  New  Bedford,  Massachusetts  has  become  contaminated  with 
PCBs  and  heavy  metals,  forcing  a  ban  on  commercial  and  subsistence  fishing  and 
lobstering.  Among  the  techniques  that  EPA  is  using  to  provide  information  to 
the  local  community  is  an  information  repository  located  in  town  halls  and 
libraries  in  New  Bedford  and  neighboring  Fairhaven.  EPA  is  including  in  the 
file  information  about  PCBs,  the  known  sources  of  the  contemlnation,  the  most 
effected  areas,  and  the  schedule  of  site  activities.  Both  technical  documents 
and  non-technicsl  explanations  of  the  documents  are  placed  in  the  file. 

Activity  S 5:  Conduct  smal 1  group  meet  inns  and  workshops 

EPA  has  learned  from  experience  at  a  number  of  sites  that  large  public 
meetings  and  formal  hearings,  traditionally  the  centerpiece  of  a  public 
participation  program,  are  often  inappropriate  vehicles  for  communicating 
information  about  response  actions  and  for  obtaining  citizen  input.  Large 
public  meetings  can  also  exacerbate  any  existing  adversarial  ralationships 
between  citizens  and  the  government ,  and  prevent  constructive  discussions. 

Smell  group  meetings  and  workshops  can  be  effective  communications  tools 
at  sites  in  the  following  kinds  of  situations: 

*  DOD  believes  that  citizen  interest  in  the  planned  response 
action  is  high  and  citizens  may  desire  a  substantial  amount 
of  input  into  the  response  action  and  a. substantial  amount  of 
Interaction  with  Department  staff. 
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•  The  release  caused  (or  is  perceived  to  have  caused)  a 
number  of  health  problems  for  residents  near  the  site  and 
these  individuals  need  to  receive  detailed  information  and 
explanations  of  health  studies. 

•  DOD's  relationship  with  the  community  has  not  been  good  up 
to  this  point  for  any  number  of  reasons  and  a  closer  working 
relationship  with  affected  citizens  would  improve  trust  and 
cooperat ion . 

•  DOD  has  sufficient  resources  available  to  plan  and  conduct 
a  series  of  informal  meetings  and  workshops  that  are 
ultimately  available  to  all  interested  citizens. 

EPA  has  given  considerable  thought  to  how  to  plan  and  conduct  small  group 
meetings  and  workshops  and  can  provide  this  information  to  DOD's  community 
relations  staff. 

Activity  06 :  Provide  progress  reports 

Progress  reports  are  brief  fact  sheets  describing  past  site  work  and  the 
latest  developments  occurring  during  the  response.  They  are  more  detailed 
than  news  releases  and  less  detailed  that  background  papers.  Their  target 
audience  should  include  local  officials,  citizen  leaders,  civic  and  community 
organizations,  and  the  media  covering  the  site.  For  example,  a  progress 
report  may  contain  information  such  as:  the  types  and  quantities  of 
substances  known  to  be  at  the  site;  the  known  extent  of  contamination;  a  brief 
explanation  of  ongoing  activities;  DOD's  response  plans  over  the  next  few 
months;  and  DCD  contact  staff.  Progress  reports  can  either  be  issued  on  a 
regular  basis  (say  every  month)  or  whenever  important  developments  occur 
during  a  response  (for  example,  the  conclusion  of  a  phase  of  the  DOD  response 
act  ion ) . 

Activity  «7 :  Call  or  meet  with  citizen  leaders  frequently  to  inform 

them  of  progress 

EPA  has  found  that  consistent,  personal  contact  with  citizens  is  the  most 
important  determinant  of  a  successful  community  relations  program.  While 
frequent  contact  is  resource 'intensive  in  the  short  run,  it  is  extremely 
cost-effective  in  the  long  run.  There  is  no  better  way  to  demonstrate  the 
Department's  commitment  to  keeping  the  community  informed  and  to  eliciting  its 
views. 


SUMMARY 

This  paper  has  highlighted  an  approach  to  community  relations  activities 
at  hasardous  waste  sites  that  has  worked  for  EPA  and  may  work  for  the  DOT  as 
well.  This  approach  is  based  on  the  premise  that  citizens  not  only  need 
Information  about  hasardous  substance  response  actions  but  also  have  the  right 


243 


to  be  involved  in  respoeae  deciaioos ,  It  it  tn  approach  that  la  actually 
beneficial  to  the  co— unity  and  to  the  povecn*ent  raaponaa  agency.  Under  the 
prograa  outlined  above,  citiaena  receive  the  inforaation  they  need  and  have  an 
opportunity  to  affect  reaponae  deciaieoa.  The  govtrneeat  agency  in  turn  often 
receive*  needed  information  fro*  citiaena,  paint  community  aupport  for  an 
efficient  reaponae  action,  and  avoida  counter 'product iva  diaegreeeenta . 
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'Activities  of  the  0.8.  krwy  it  anuunition  plants,  depots,  and 
irimili  involve  th«  hand li at  and  appropriate  diapoeal  of  a  variety  of 
materials  idantifiad  as  potentially  toxic  or  hasardous  to  hoaaa  health 
and  the  envirooMnt.  Section  3001  of  the  Resource  Conaervation  and 
Recovery  Act  of  1976  definea  hasardoua  vaatea  aat 

"...a  aolid  waste,  or  combination  of  aolid  vaatea,  which  becauae  of 
ita  quantity,  concentration,  or  phyaieal,  chemical,  or  infectioua 
characteriatica  may  — 

a.  cauae,  or  aignificantly  contribute  to  an  increaae  in 
mortality  or  an  increaae  in  aerioua  irreveraible,  or 
incapaciting  reveraible,  illness;  or 

b.  pose  a  substantial  presant  or  potential  hasard  to  human 
health  or  the  environment  when  improperly  treated, 
stored,  transported,  or  disposed  of,  or  otherwise 

managed." 

Hasardoua  wastes  are  of  concern  since  they  may  be  lethal, 
nondetradable,  persistent  in  nature,  and/or  biologically  magnified. 
Planned  and  unplanned  discharges  of  hasardoua  wastes  can  lead  to  soil 
contamination  and,  possibly,  surface  and  ground  water  contamination  as  a 
result  of  surface  runoff  and  subsurface  transport.  Soil  contamination 
has  occurred  in  the  vicinity  of  planned  landfills  and  liquid  waste 
holding  ponds  which  are  located  in  permeable  soils  or  improperly  lined. 
Unplanned  die char gas  can  occur  as  a  result  of  accidental  spills,  sad 
soils  in  spill  araas  have  also  been  contaminated. 
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A  study  to  determine  the  magnitude  and  scope  of  military  hasardoua^  V, 
waste  problems  and  to  identify  and  assess  the  Department  of  Defense  ^ 

(DOD)  hasardoua  waste  management  approach  and  future  needs  has  been  r 
conducted  (Kavaoka,  at  si.,  1981).  The  study  approach  was  designed  to 
survey  current  activities  of  DOS  agencies  involved  with  hasardoua  waste 
management  operations  and  associated  research  and  development 
activities.  Discussions  were  held  with  DOD  policymakers,  command  and 
field  managers,  and  technical  experts  to  determine  what  they  perceived 
as  critical  areas  and  appropriate  management  strategies.  Regulatory 
issues  and  current  research  activities  were  discussed  with  U.8. 
tnvirommantal  Protection  Agency  (RPA)  officials,  these  discussions  were 
supplemented  by  a  review  of  pertinent  reports,  memoranda,  and 
regulations.  The  magnitude  of  the  problem  is  illustrated  by  the  fact 

that  911  installations  are  in  the  process  of  being  checked  for  hasardoua 
waste  sites,  and  as  many  as  200  may  require  soma  type  of  cleanup  action. 

The  following  United  Press  International  story  (August  11,  1903) 

illustrates  the  national  concerns  related  to  this  problem 
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The  Pentagon,  with  ita  Boat  inuin  ptogrtu  already  under 
way,  atill  expacta  to  a pend  about  fSOO  Billion  to  finish  cleaning 
haaardoua  waate  aitea  at  ailitary  installations,  a  defease  official 
aaya. 


Lt.  Col.  Peter  Daley,  director  of  environmental  policy  for  the 
department,  aaid  Wednesday  the  Dafenae  Department  haa  bean  working 
aince  1980  to  locate  haaardoua  waate  aitea  on  all  dafenae  laada. 

The  prograa  involve*  911  iuatallatioaa,  but  only  130  locationa 
reaain  to  be  checked,  Daley  told  the  inveatigationa  aubcoBBittae  of 
the  Rouee  Public  Worka  Coaaittee. 

Daley  eatiaated  that  aa  aany  aa  200  inatallatiooa  require  aoae 
cleanup  actiona,  but  only  18  are  completed  or  under  way. 

Of  thoae  remaining,  he  aaid,  "Me  don't  know  of  any  caaea  where 
iamediate  health  or  environmental  thraata  axiat.  In  addition,  the 
great  majority  of  the  cleanup  actiona  wa  will  face  are  relatively 

email  acale. 

"Moat  of  the  few  big,  coatly  programe  are  under  way,"  ha  aaid, 
adding  that  the  median  eoata  of  the  firat  few  cleanup  projacta  haa 
been  about  91  Billion,  but  the  coat  ia  expected  to  drop  for  the 
later,  mealier  projacta. 

“The  bottom  line  ia  that  it  'a  going  to  coat  about  a  half  a 
billion  do liar a  to  complete  the  cleanup  tank,"  Daley  aaid. 

tubcoBBittee  Chairman  Elliott  Levi tee ,  D-CSa. ,  noted  reporta  of 
disagreement  and  lack  of  cooperation  between  the  Dafenae  Department 
and  the  Environmental  Protection  Agency,  which  haa  the  major  role 
io  haaardoua  waate  control. 

The  $1.6  billion  Super fund  authorised  by  Congress  to  pay  for 
haaardoua  waate  cleanup  operations  is  not  available  to  government 
agenciea  and  Daley  noted  the  cleanup  funds  for  ailitary  sites  will 
earns  from  the  aarvicea  operations  end  aaintanance  accounts. 

Daley  said  the  Pentagon  and  the  SPA  reached  agreement  Tuesday 
on  a  asmoraaduB  of  understanding  that  outlines  how  the  two  agencies 
will  work  together  in  cleaning  up  waste  sites  at  ailitary 
installations. 

8s  etreeeed  that  the  EPA  and  state  sad  local  offieiale  are 
given  all  information  about  such  sitae  "as  soon  aa  we  are  sure  it 
is  technically  accurate." 

Levitee  said  the  federal  government,  particularly  the 
Pentagon,  ■Wt  be  aa  example  far  the  nation  on  boo  to  handle  theee 
(honor done  waste)  problems." 


tap.  Guy  Holinari,  k-H.Y.,  11U  the  Defense  Dapirtant  la 
"probably  tbs  greatest  generator  of  hasardoua  waataa  among  all 
federal  agencies." 

Tha  Department  of  Defense  (DOD)  baa  developed  a  program  Co  Identify 
and  evaluate  paat  baaardoua  aaCaria!  sites  on  000  pro party,  to  control 
tba  migration  of  baaardoua  cootaninaata,  and  to  control  baaarda  to 
haalth  or  welfare  that  nay  raault  from  tbaaa  paat  dlapoaal  oparationa. 
Thia  program  ia  callad  tba  Inatallation  Raatoration  Program  (IIP).  Tba 
IIP  ia  a  four-phaaa  program  conaiatiag  oft  Pbaaa  I,  Initial 
Assessment /Bacorda  Search;  Pbaaa  II,  Problam  Confirmation;  Pbaaa  III, 
Technology  Baa  a  Development;  and  Pbaaa  IV,  Oparationa.  Tba  0.8.  Army 
through  tha  Toxic  and  Baaardoua  Matariala  Agency  (OSATHAMA)  baa 
conductad  a  n unbar  of  Pbaaa  1  atudiaa  at  Army  inatallationa,  with 
a a vara 1  locationa  procoading  to  subsequent  pbaaaa  dapanding  upon  tha 
Pbaaa  1  findinga. 

Thar a  ara  multi pi  potantial  aourcaa  of  haaardoua  waataa  handled  or 
generated  at  0.8.  Amy  inatallationa.  Tba  multiplicity  of  aourcaa  can 
be  i l lua traced  by  two  atudiaa  conducted  by  tha  Cona cruet ion  Engineering 
tone  arch  Laboratory  (Maaaeager,  at  al.,  IN);  and  Kraybill,  Hu  linn  and 
Donahue,  1980).  The  firec  study  investigated  tha  faaaibility  of 
tracking  baaardoua  matariala  through  procurement ,  dietribution,  uee, 
collection,  and  diapoaal  at  0.8.  Amy  fixed  facilitiaa  (Maaaaagar,  at 
al.,  1983).  It  waa  found  chat  a  complete  tracking  ayatom  would  require 
major  change a  to  matariala  diatributioe  and  accountability  procedurea. 
Implementing  complete  tracking  procedurea  would  be  wary  coatly  at 
military  inatallationa  bocauao  of  tba  groat  diworaity  of  baaardoua 
matariala  procured  and  tba  largo  ounbera  of  actiwitioa  which  uaa  thorn. 
Another  tracking  eye ten  invaatigatad  waa  tba  monitoring  of  procurement 
data.  This  typo  of  ayatom  baa  boon  uaad  auccaaa  fully  at  two 
inatallationa  and  it  waa  rocoamanded  chat  it  be  triad  at  otbare  on  an 
experimental  baeis. 

Tba  aecond  CUL  atudy  examined  baaardoua  waate  production  at  two 
military  inatallationa  and  a  major  Army  hospital  (Kraybill,  Italian  and 
Donahue,  1980).  8ix  major  baaardoua  waataa  ware  founds  (1)  waate 
oil/patrolaum  oil  lubricant  (Pin.)  products;  (2)  solvent  tank  bottom 
sludgaa;  (3)  paint  uastasf  (A)  paaticidea  and  inaocticidasi  (5)  Pda; 
and  (6)  nedieal/iafactioua  waataa. 
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A  number  of  0.8.  Amy  raaaarek  activitiaa  have  beam  recently 
conductad  on  the  general  ieeoe  of  baaardoua  waato  managamant  and 
diapoaal,  and  several  illustrations  will  be  cited.  Brown  (1977) 
presented  a  methodology  that  can  assist  the  Amy  ia  allocating  reeewrcea 
among  candidate  raaaarek  and  development  stadias  an  tba  environmental 
effects  of  Amy  ahentsala,  in  a  aoat-affaativa  meaner  with  respect  to 
the  devalopmant  of  criteria  for  standards.  The  basis  of  tba  methodology 
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is  a  mathematical  aodal  of  tha  process  loading  from  the  initial 
pollution  of  ait,  watur,  or  land  to  tha  eventual  environmental  of facta 
of  tba  dtwicali  in  question.  Tba  aodal  aatiaataa  a  total  haaard  value, 
weighted  aaon|  buaaa  and  ecological  affects,  with  a  correapoading 
uncertainty  due  to  lack  of  knowledge.  The  allocation  aethodology  than 
coaparea  the  reduction  in  haaard  uncertainty  expected  to  be  achieved 
after  a  reeearch  etudy  with  tha  coat  of  tha  etudy ,  and  ranka  candidate 
atudiea  according  to  the  ratio. 

Mikucki,  at  al.  (1981)  conducted  a  etudy  of  the  characteriatice) 
control  and  treataMnt  of  leachate  at  military  iaatelletiooe.  The  etudy 
report  document a  the  reaulta  of  an  catena ive  review  of  literature  on 
leachate,  providaa  introductory  information  about  laachate,  and  anawera 
auch  questions  eat  what  ia  leachate )  why  ia  it  important)  what  are  ita 
characteriatice)  how  can  a  leaching  landfill  be  detected)  how  can 
leachate  formation  be  mitigated;  end  what  done  remedial  action  coat. 
The  report  ia  intended  to  educate  Army  peraonael  about  leachate,  provide 
DA  pointa  of  cootact  for  aeaiatanca,  and  provide  guide linea  for  problem 
identification.  Thia  report  may  be  uaed  by  Facilities  Engineera  to 
identify  leaching  landfilla,  prepare  and  implement  a  monitoring  program, 
and  inatitute  abort-tern  remedial  maaaurea. 

Two  apecific  atudiea  have  been  conducted  on  waate  materiala  and 
aoila  (Houle  and  Long,  1980)  and  Kaplan  and  Kaplan,  1982).  Houle  and 
Long  (1980)  reported  that  a  graded  aerial  batch  extraction  method  ia 
uaeful  for  studying  the  teachability  of  induetrial  waatea  and  for 
determining  the  retention  characteriatica  of  aoila.  A  correlation 
between  waate  and  aoil  extraction  volunea  and  the  tine  of  leaching  in 
coluama  or  in  the  field  allowa  for  the  development  of  a  technique  for 
the  accelerated  teating  of  waatea  and  aoila.  The  teachability  of  heavy 
metal-laden  waatewatera  waa  examined  in  tbia  study  through  auch  batch 
teata. 


Kaplan  and  Kaplan  (1982)  reportad  on  a  atudy  of  the 
biodegradability  and  mutagenicity  of  2,4,6-trinitrotoluene-aurfactant 
(TXT)  complexea  in  aoil  and  water.  Soil  leaching  atudiea  indicated  that 
ia  aitu  immobilisation  of  TMT  ia  not  faaaible  due  to  the  large 
quantifier  of  aurfactant  required  and  tha  inability  of  the  eurfectaat 
treatment  to  isobilise  TNT  microbial  reduction  producta.  The  Ames 
acreeniag  teat  for  mutagenicity  revealed  that  theee  complexea  are  a 
aignif icent  mutagenic  haaard. 

Finally,  come  reeearch  hae  been  dona  on  the  fixation  or  control  of 
hasardoua  waate  migration  in  aoil,  and  two  exemplar  will  be  cited 
(loeencramce  and  Kelkarai,  1979)  and  Frice  and  lanmarar,  1982).  In  the 
firat  atudy,  electroplating  waate  aamplea  from  Tobyhaane  Army  Depot,  FA, 
and  other  synthetically  prepared  aamplea  of  hasardoua  waate  were  fined 
by  the  MFC-988  procaaa  of  Warner  and  Ffleiderer  Corp.  (asphalt  niere- 
emeapaulation)  sad  evaluated  by  using  the  modified  Wisconsin  leeching 
test  (loaencraace  and  Kulkarai,  1982).  It  was  found  that  the  procaaa 
providaa  satisfactory  attenuation  to  leaching  of  heavy  natal  lame. 
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IwuvtUaC  chromium,  «ad  cyan ids.  Dm  presence  of  comp losing  Uto 
cyanide ,  mmwnle,  and  high  pH,  however,  seams  to  adversely  of  foot  tbo 
performance  of  tbo  procaaa,  a  lightly  increasing  tbo  laacbiog  of  sine, 
coppor  oad  cadmium.  Excepting  tbaaa  aotala,  tbo  concentrations  of  otbor 
metals  io  tbo  loochotoa  generated  aro  within  tbo  limits  sot  by  tbo  O.f. 
Environmental  Protaction  Agency. 

Prico  sad  Banner er  (1982)  reviewed  aad  evaluated  iaformotioa  on 
compatibility  sad  compatibility  tasting  of  liner/barrier  astoriola  with 
hsssrdous  wastes.  Dm  oaphasia  of  tbo  study  was  oa  asthoda  of  long-term 
aad  sccolorstod  compatibility  tostiag  oad  models  to  predict  liner 
compatibility  with  various  wastas.  Vary  little  information  is  available 
on  long-term  compatibility  with  various  lining  materials.  Essentially 
no  methods  are  available  for  predicting  membrane  liaar  compatibility 
with  basardous  wastes. 

For  the  past  two  years  personnel  at  the  Rational  Canter  for  Ground 
Water  laaoarcb  (NCQffH)  have  boon  collecting  aad  analysing  information  on 
various  aquifer  restoration  technologies  aad  previous  application  of 
ground  watar  pollution  cleanup  maaauras.  Ona  result  of  this  study  is  the 
development  of  a  protocol  or  structured  approach  for  solacting  an 
optimum  aquifer  restoration  strategy.  With  minor  modifications,  this 
protocol  can  be  applied  to  DoD  installations.  Dm  protocol  represents 
an  invaluable  aid  for  conducting  the  first  three  phases  of  an 
Installation  lastoration  Program.  Dm  remainder  of  this  paper  outlines 
tha  major  steps  of  the  protocol. 


KngpiAi.  ACTUM  gum  runs 

Dm  general  approach  to  be  taken  in  developing  aquifer  restoration 
schemas  is,  for  tha  most  part,  intuitively  obvious.  A  logical  first 
step  is  a  preliminary  assessment  of  tha  nature  of  tbo  problem.  Based  oa 
tha  preliminary  assessment ,  potential  alternative  remedial  measures  are 
identified.  Prom  the  list  of  possible  alternatives,  an  optimum  would  be 
selected  through  environmental  impact  risk  assessment,  emd  cost- 
effectiveness  analyses.  Implementation  aad  construction  of  the  chosen 
alternative  would  be  nest,  followed  by  monitoring  of  the  effectiveness 
of  the  meeaura. 

A  review  of  the  literature  shows  the  above  to  be  the  pattern  need 
moat  frequently.  Moot  of  the  work  in  developing  structured  approaches 
to  solving  ground  water  contamination  problems  has  been  associated  with 
the  Comprehensive  Environmental  la spouse,  Compensation  emd  Liability 
Act,  F.L.  98-910  (known  as  CSBCLA  or  Paper fond).  Specifically, 
Puperfmnd  sites  require  tha  development  of  a  "remedial  action  master 
plea"  or  IAMP.  Dm  purpose  of  a  IMP  is  to  identify  the  type,  scope, 
soqueues  aad  schedule  at  remedial  projects  which  may  be  appropriate 
(Kasshak  and  Hade  an,  1988).  figures  1  aad  8  are  attempts  'to  represent 
the  IAMP  process  in  the  fern  of  flow  charts.  Additionally,  Table  1 
lists  the  phases  of  a  site  esntaulnetisa  and  liability  audit.  Bn 
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Table  It  fit*  Contamination  and  Liability  Audit  Phased  Structure 


Screening  Phase  i  Initial  Property  Inventory 

theses  fbaae  2  Claeeification  and  Identification 

Problem  Properties 

Phase  3  Pr el in inary  Field  Screenint 

Phase  4  Prioritisation  of  Problen  Properties 

Saergency  Phase  5  laaediate  Saar fancy  Stop  Action  Response 

Action 

Phase 

Detailed  8ite  Phase  A  Detailed  Site  Field  Investigation 

Investigation  Phase  7  Definition  of  tensdial  Strategies,  Risk 
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Roueaen,  Rrandvein  end  Unites  (1981) 
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futurtt  in  common  Co  oil  chtM  of  these  outline*.  First,  they  oil 
follow  CIm  general  intuitive  out  lino  priMattd  above.  Second,  they  oil 
hm  provisions  for  immediate  raawdial  action  Co  buy  time  whlla  long 
ton  aolutloaa  ora  developed.  Kaschak  and  Nadeau  (1982)  emphasise  tha 
importance  of  a  SAMP  aa  tha  firat  atop  in  any  remedial  program. 

Tha  RAMP  ia  designed  aa  aa  approach  for  developing  aa  optimal 
aolutioa.  Incorporatad  within  tha  RAMP  ia  tha  analyaia  of  alternative 
ramadial  naaauraa  ia  ordar  to  dacida  on  aa  optimum  atratagy.  Tha 
analyaia  involves  thraa  diffaraat  aapactat  1)  anwirommaatal  impact!  2) 
coat;  aad  3)  riak.  Riak  aaaaaamaat  ia  aa  araa  of  atudy  that  ia  now 
receiving  iacraaaad  attantion.  Bargar  (1982)  atataa  that  riak 
aaaaaamaat  haa  baaa  dafiaad  aa ,  "tha  idaatificatioa  of  hasards,  tha 
allocation  of  cause,  tha  aatimatioa  of  probability  that  harm  will 
result,  aad  tha  balaaciag  of  han  with  benefit."  Bargar  (1982)  goaa  on 
to  develop  a  gaaaral  riak  aaaaaamaat  methodology  baaad  on  four  factora; 
receptors,  pathways,  waato  characteristics,  aad  waata  managamaat 
practicaa.  Dawaoa  aad  Saaaiag  (1982)  have  developed  a  riak  aaaaaamaat 
modal  baaad  on  the  exposure-response  approach.  Raa  aad  Shih  (1982) 
daaeribe  a  technique  for  determining  riak  acceptability.  Tha  main 
problem  faced  by  all  riak  aaaaaamaat  technique*  ia  that  a  large  portion 
of  tha  noadad  information,  auch  aa  riak  pathwaya  or  acceptable 
concentration*,  ia  uakaowa. 

Bacauaa  ground  water  cleanup  activitiaa  are,  in  ganaral,  axpanaiva, 
intaraat  in  aaalyaiag  tha  coat*  of  thaaa  activitiaa  ia  high.  8t.  Clair, 
NcCloakay  aad  Sharman  (1982)  diacuaa  tha  advantage  and  diaadvantagaa  of 
riak  aaaaaamaat,  coat /banafit  analyaia,  coat-affactivanaaa  analyaia, 
decision-tree  analyaia,  trada-off  matricaa,  aad  aaaaitivity  analyaia  for 
alternative*  evaluation.  Being  certain  a lament a  of  thaaa  technique* 
they  have  developed  a  framework  for  evaluating  coat-affactivanaaa  of 
ramadial  actiona.  Ivan*,  lamaoa  aad  Riaso  (1982)  daaeribe  an 
integrated,  three-phaaed  approach  for  eoot-effactiva  preliminary 
aaaaaamaat*  at  haaardoua  waata  aitaa. 

Thera  are  two  point*  to  be  noted  about  tha  etudiaa  diacuaaad  above. 
Pirat,  they  have  all  bean  diractad  toward  uncontrolled  haaardoua  waata 
aitaa.  Second,  they  have  tha  inherent  aaaumption  that  a  liat  of 
alternative  me aa urea  aslata  or  can  be  generated.  Little  information  can 
be  found  pertaining  to  ground  watar  pollution  apiaodae  away  from 
haaardoua  waata  aitaa  or  on  tha  actual  development  of  alternative 
raaadial  naaauraa.  Bntarburg,  Stone  aad  Tafuri  (1981)  diacuaa  a  ay* tea 
for  developing  alternative  remedial  aw  aa urea  for  apilla  of  haaardoua 
chemical*.  Caldwell,  Barrett  and  Chang  (1981)  diacuaa  a  ha sard  ranking 
system,  but  thia  la  applied  to  different  site*  rather  than  different 
aeaauree  at  aa  individual  sita.  Dawson  aad  Brown  (1981)  have  developed 
aa  integrated  site  restoration  process,  as  outlined  ia  Figure  3,  but 
this  alee  gloese*  ever  the  actual  development  of  alternative*. 

the  remainder  of  this  report  will  discus*  the  step-by-step 
procedure  that  cm  be  followed  to  develop  aquifer  restoration  scheme*. 
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This  procedure  ii  developed  is  a  general  Ceahioo  eo  ee  to  be  applieeble 
Co  aieea  ocher  chan  unconCr oiled  hatardoue  waste  dumps.  Additionally, 
emphasis  ie  pieced  on  Che  procedure  for  developing  che  liac  of  accual, 
Cechnicel  elceroecivee. 


Multi-Disciplinary  TMa 

Ground  water  polluCion  ia  noc  strictly  a  hydrogeological  problem. 
The  developaMnc  of  e  ground  voter  polluCion  clean  up  approach  requires 
involvement  from  e  number  of  different  disciplines.  Managerial 
personnel  will  be  involved  ia  Che  overall  planning  and  development  of 
che  project.  Technical  personnel,  both  on-sice  and  off-aice,  will  aid 
in  che  design  of  che  remedial  maasura.  Remedial-related  personnel  from 
Che  construction  industry  will  have  involvement.  Also,  institutional 
personnel  from  different  levels  of  government  will  almost  invariably  be 
involved.  Within  each  group,  e  number  of  different  disciplines  might  be 
required.  For  example,  the  technical  personnel  required  could  include 
hydrogeologists,  engineers,  soil  scientists,  chemists,  end  even 
toxicologists,  to  name  a  few.  The  bottom  line  is  that  the  solution  will 
require  e  multi-disciplinary  apprised!  involving  a  multi-disciplinary 
team.  Carefully  assembling  a  multi-disciplinary  team  should  be  the 
first  step  in  any  aquifer  reetoratien  effort. 


Problem  Definition  end  Cherecteriaetion 


The  obvious  next  step  ia  actually  dealing  with  a  ground  water 
pollution  problem  is  to  define  and  characterise  the  problem.  The 

problem  will  need  to  be  defined  ia  terms  of  its  tesq^orsl  and  ereel 

releaee  patterns  end  its  urgency  for  a  solution.  The  two  temporal 
categories  are  "anticipated  problems”  end  "existing  problems". 
Anticipated  problems  most  usually  will  be  plenoed  future  facilities  thet 
will  have  the  potential  to  threatan  ground  water  supplies.  This 
situation  is  more  desirable  in  that  the  engineer  or  planner  is  one  step 
up  because  the  pollution  or  polluting  activity  has  yet  to  occur.  The 

other  type  of  problem  is  the  existing  problem.  This  is  the  situation 

where  e  facility  ox  activity  with  ground  water  threatening  potential  is 
already  in  effect.  The  existing  problems  can  further  be  broken  down 
into  those  that  have  already  degraded  the  ground  water  end  those  thet 
have  not  yet  disrupted  the  ground  water  but  are  expected  to  do  eo. 
Actually,  the  steps  to  be  taken  in  identifying  potential  solutions  to 
either  of  the  two  types  of  problems  ere  similar,  but  because  of  their 
"temporal”  differences  the  proposed  solutions  can  differ  significantly. 


1.  Anticipated  Problems 

■•wing  identified  an  anticipated  problem,  the  nest  step  is  to 
identify  the  ereel  releaee  character 1st ice,  the  duration,  and  the 
urgency  of  the  problem,  if  possible,  the  release  characteristics  of  the 
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problem  will  b«  directly  related  to  the  aouree.  The  source,  could  be  e 
point  source  (disposal  well),  an  area  source  (fertilisers  in 
agriculture),  a  line  source  (highway  deicing  salts),  or  even  e  regional 
source  (increasing  number  of  septic  tanks  in  a  region). 

The  duration  of  the  problem  can  be  classified  as  either  acute  or 
chronic.  Will  the  anticipated  problem  be  short  term  such  as  lowering  of 
water  levels  due  to  construction  dewatering  or  will  it  be  e  long  term 
problem  that  will  require  long  term  solutions  such  as  a  series  of 
injection  wells  to  prevent  salt  water  intrusion? 

The  urgency  of  the  problem  will  be  a  function  of  the  potential 
contaminant (a )  end  the  importance  of  the  threatened  aquifer. 
Anticipated  problems  usually  will  have  no  urgent  need  for  e  solution. 
The  ground  water  pollution  potential  can  be  circumvented  by 
incorporating  certain  controls  in  the  design  stage. 


2*  Nxistina  Problems 

With  existing  pollution  problems  the  information  needed  to 
characterise  it  is  straightforward.  Having  identified  the  problem,  the 
next  step  is  to  identify  the  source  if  possible.  The  contaminant 
release  characteristics  end  duration  of  the  problem  will  fell  into  one 
of  the  classes  outlined  above.  However,  the  urgency  for  e  solution  can 
sasMtimes  be  the  critical  factor  with  an  existing  problem.  If  the 
polluted  aquifer  is  a  source  of  drinking  water  or  the  problem  was 
discovered  due  to  an  adverse  public  health  reaction,  there  may  be  a  need 
for  an  isssediate  (if  only  tes^orary)  solution. 

A  general  description  of  the  problem  is  necessary  for  defining  the 
scope  end  extent  of  further  studies  end  ultimate  remedial  actions.  For 
example,  if  e  hetardous  substance  is  detected  in  a  water  supply  well, 
the  immediate  solution  may  be  to  provide  an  alternative  supply  of  water. 
This  temporary  measure  may  buy  some  time  for  study  and  development  of  e 
more  permanent  solution. 


Preliminary  Study 

After  identifying  an  existing  or  potential  grouod  water  threatening 
activity  or  facility,  the  next  step  is  information  gathering  and  problem 
characterisation.  The  detail  end  duration  of  this  stop  will  be 
determined  by  the  urgency  of  the  problem  and  funds  available. 

The  areas  of  information  listed  below  are  designed  to  be 
comprehensive,  but  they  are  described  in  general  terms  with  few 
specifies.  Not  all  areas  will  pertain  to  every  problem.  Probably  the 
most  uaeful  function  of  these  lists  will  be  to  aid  in  generating  a  list 
of  needed  information  for  specific  problems. 
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It  should  be  oaphsslsed  that  tbs  lists  bslow  srs  aot  in  say 
particular  order  although  soas  of  ths  stops  srs  dependent  oa  tbs  others. 
Probably  tbs  area  that  needs  to  bo  cons ids rod  prior  to  ioitiatioo  of  aay 
dotoilod  study  would  bo  that  of  funding.  Oaes  funding  has  booa 
determined,  tbs  scops  of  ths  saalysis  can  than  bo  doliaoatod.  ths  other 
areas  of  iaforaatioa  should  probably  bo  approached  ia  groups  ouch  os 
probloa  specific  iafonutioa  (A,  B)(  sits  specific  iafonsatieu  (C,  D, 
F),  aad  othsrs  ( B,  G). 

Should  it  bo  decided  to  go  into  aore  then  just  a  cursory  review  of 
the  probloa,  sources  of  iaforaatioa  aay  becoas  a  question,  teas  of  the 
agencies  identified  ia  step  G  aost  probably  will  have  soae  iaforaatioa. 
Listed  ia  Table  2  are  soae  other  possible  sources  of  iaforaatioa  ss 
related  to  the  different  groups.  For  iaforaatioa  specific  to  the 
technologies  discussed  ia  this  paper  the  reader  is  referred  to  the 
bibliography 


A.  Fluae  Delineation 

Plano  daliaeetioa  ia  the  step  ia  which  the  eaount ,  nature,  source, 
aad  location  of  the  ground  water  pollution  is  characterised.  The 
iaforaatioa  obtained  ia  this  step  will  aot  only  help  deteraine  feasible 
cleanup  strategies  but  aay  also  help  assesa  the  possibilities  of 
pretreacawat  or  ecoaoaie  recovery.  Types  of  Iaforaatioa  aeoded  for 
pluae  delineation  include i  phyoical/cbeaical  character isatioa  of  the 
pollutant |  iaforaatioa  oa  transport  aad  fete)  tonicity  aad  health  risks) 
areal  enteat,  depth,  aaowat  of  pollutant)  physieal/cheaieal 
character! sat ioa  of  the  waste)  variability  of  the  wastes)  tiae  factors) 
aad  previous  waste  disposal  practices. 


I.  Bydrogeologie  Characteristics 

Understanding  the  bydrogeologie  characteristics  of  a  site  is 
essential  for  a  successful  aquifer  restoration  progrea.  In  eaeeace, 
this  step  is  really  a  characterisation  of  the  subsurface  which  is  where 
the  problaa  eaists.  The  subsurface  characterisation  will  serve  two  aain 
purposes.  First,  a  description  of  the  bydrogeologie  characteristics  of 
the  site  allows  for  a  better  understanding  of  the  aagaitade  of  the 
probloa.  Because  the  probloa  is  underground  one  cannot  one,  feel,  eaell 
or  teato  the  enteat  of  the  problaa.  A  thorough  bydrogeologie 
investigation  will  aot  totally  delineate  the  liaits  of  the  problaa,  hut 
it  will  aid  ia  as tiaet lag  what  has  happened  to  the  pollutant  in  the 
subsurface.  Second,  a  thorough  bydrogeologie  investigation  will  aid  ia 
deterainiag  feasible  eolations  to  the  problaa.  Iaforaatioa  free  this 
step  will  be  need  extensively  ia  the  pluae  delineation  stop.  Sene  arena 
of  needed  infatuation  include t  geologic  cutting  aad  general lead  soil 
profiles,  soil  physlcsl/sbealoal  characteristics,  depth  to  ground  water 
and  bedrock,  ground  water  flow  pattens  and  volants,  recharge  areas  and 


Table  2i  r»tnti«l  Source*  of  Information 


Croup  I  Mtrtl  or  atata  geological  surveys,  universities- 

(problao  apacific)  libraries,  pa o logy  and  engineering  department* , 

atata  health  departments,  property  owner,  county 
record*,  wall  drillers. 


Croup  II  Weather  bureau* ,  atata  water  reeourcea  hoard*, 

(aite  apacific)  ceaaua  bureau*,  aoil  and  water  conservation 

district*,  employment  conmisaiona,  corporation 
commissions,  2M  studies,  Department  of 
Agriculture,  forest  Service. 


Croup  III 
(other) 


Medical  libraries,  atate  or  federal  anvironmental 
protection  agencies,  atate  attorney  generals 
office. 


rittti  aquifer  characteristic*,  existing  monitoring  wall  locatiooa  and 
procedures,  asd  background  water  quality  data. 


C.  Site  Characterisation 

A  description  or  characterisation  of  the  site  of  the  problem  is  an 
iaportant  step.  Because  surface  attributes  of  the  sit*  will  indirectly 
affect  the  subsurface  environment  these  attributes  need  to  be 
identified.  The  characteristics  include  cliauitic  information 
(precipitation,  tenperatura,  and  evspotrsnspirstion)  and,  location 
information  (topography,  accessibility  of  tb*  site,  site  sis*,  proximity 
to  surface  water,  and  proximity  to  population  centers). 


D.  Water  Use  and  Requiramenta 

Determination  of  current  water  use  and  future  requirements  will  aid 
in  determining  the  criticality  of  the  threatened  ground  water  formation. 
Information  needed  includes  current  and  projected  future  water  use, 
current  and  anticipated  water  quality  standards  (including  beneficial 
us*  and  effluent  standards),  and  costs  of  alternative  water  supplies. 


I.  Hunan  Health  Costs  and  Bisk  Assessment 

An  assessment  of  risks  to  human  haalth  associated  with  the  polluted 
ground  water  is  a  neceasary  step.  Having  identified  the  toxicity  and 
health  hasarda  of  the  given  pollutant  during  tb*  plume  delineation  step 
one  then  needs  to  assess  the  actual  potential  for  one  of  these  events  to 
occur.  This  step  is  essential  in  evaluating  the  do-nothing  alternative. 
Information  from  this  step  will  be  used  extensively  lstar  in  the 
alternative  evaluation  proeadure. 


P.  Land  Use  Patterns  and  Growth  Projections 

The  objective  of  this  step  is  to  insure  that  potential  restoration 
strategies  do  not  become  exercises  in  futility.  Specifically,  one  does 
not  want  to  spaad  millions  of  dollars  cleaning  up  a  particular  problam 
that  is  just  one  of  dosans  facing  an  aquifer  or  will  be  negated  by 
future  ground  water  threatening  activities.  On*  needs  to  check  if  the 
proposed  solution  is  in  accordance  with  local  land  use  patterns  and 
growth  projections. 


G.  Regulations  and  Institutional  Constraints 

A  key  etep  in  any  aquifer  restoration  strategy  is  to  identify  any 
institutienal  constraints  and  who  enforce*  them.  To  date,  a  majority  of 
states  do  aot  have  regulatory  agencies  for  ground  watar  quality  control 
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•ad  determining  «bo  la  la  durst  atjr  U  itanAat  of  •  problaa. 
Identification  of  all  constraints  rad  enforcement  «|ouUi  U  aaeaiurjr 
•o  chat  a  proposed  solution  satisfactory  to  oaa  group  dots  aot  violate 
the  stead ards  of  another  group.  This  iaeludaa  aa  understanding  of  the 
role  of  pertinent  regulatory  agancias ;  their  standards ,  regulations  and 
guidelines,  and  pending  legislation. 


H.  funding 

Probably  the  biggest  obstacle  to  be  overcoat  in  any  aquifer 
restoration  prograa  vill  be  funding.  In  single  tame,  cleaning  up 
ground  water  is  a  vary  expansive  venture,  lot  only  are  the  techno logi as 
expansive  to  iaplaaant  and  operate,  but  they  are  also  difficult  to 
design.  If  questions  arisa  ovar  who  will  foot  the  bill  (••  they  often 
do),  the  caaas  wind  up  in  litigation,  thus  adding  to  the  expense  and 
delaying  their  iaplaaant at ion.  Aa  one  night  guess,  these  delays  only 
coapouad  the  problaa  rad  escalate  the  costs.  A  preliminary  review  of 
the  availability  of  funds  should  aost  probably  bacosw  the  first  step 
after  identification  of  the  problaa.  Based  on  the  availability  of 
funds,  the  scope  of  the  analysis  can  than  be  decided,  if  funds  are  aot 
available,  the  full  blown  engineering  analysis  and  deaign  will  probably 
have  to  ba  foregone  for  a  snail  seals  aquifer  management  or  policy 
analysis.  Bora  of  the  funding  issues  include  determination  of 
responsibility,  identifying  matching  funds,  and  securing  private 
support . 


Data  Evaluation 


The  critical  aspect  of  the  information  gathering  atap  will  ba 
evaluating  tha  quality  of  the  information  gathered.  Kascbak  and  Nadeau 
(19B2)  list  three  issues  to  ba  concerned  with  once  available  information 
has  been  gathered  ast  bow  good  is  tha  data  today)  era  an  anginaaring 
solution  ba  properly  developed  and  designed t  and  will  the  data  ba 
defensible  in  court!  Consideration  of  tha  aga  of  tha  information, 
stapling  and  analysis  protocols,  and  tha  chain  of  custody  of  tha 
information  can  aid  in  assessing  whether  or  not  it  is  accurate  and/or 
useful. 


Data  Needs 


Having  coaplatad  tha  gathering  and  evaluation  of  available 
information,  tha  next  step  is  to  identify  those  areas  uhora  tha  search 
for  information  was  unsuccessful.  Kaachak  and  Nadeau  (IMS)  identify 
this  as  the  aoat  difficult  step,  i.a.,  to  decide  what  additional 
information  is  asaoasary  to  ha  able  to  identify  and  evaluate  remedial 
alternatives  without  "studying  the  site  to  death".  Informatian  void# 
should  ba  identified  and  categorised  according  to  criticality  or 
importance  of  the  data,  ease  of  availability,  tiaa  required  to  gather 
the  data,  and  costs  of  tha  effort. 
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After  ell  the  information  gape  have  been  categorised  under  the 
above  headings  one  needs  to  weigh  the  work,  tine,  and  cost  requirements 
against  the  scope  and  funding  of  the  study  outlined  previously.  If  the 
information  gathering  process  alone  will  exceed  the  funding,  the  study 
■ay  have  to  be  abandoned,  scaled-back,  or  re-directed. 


PgVgLOFHKCT  Or  ALTERNATIVES 


Definition  of  Coals 


The  term  "restoration"  seens  to  imply  that  any  ground  water 
reaediation  activity  will  atteapt  to  return  the  aquifer  to  its  original 
condition.  Although  desirable,  this  is  not  always  feasible.  Truly,  the 
aain  decision  to  be  aade  in  any  aquifer  restoration  prograa  is  what  the 
"goal"  of  the  prograa  should  be.  The  specific  strategies  to  obtain 
these  goals  is  dictated  for  the  aoet  part,  by  physical  or  aonetery 
constraints. 

This  paper  considers  four  different  goalst  prevention,  abatement, 
cleanup,  and  restoration.  Prevention,  as  the  name  implies,  means  that 
pollution  is  not  allowed  to  occur.  The  context  of  "prevention”  in  this 
paper  is  taken  to  swan  "not  allowing  pollutants  to  reach  ground  water". 
Abatement  means  "to  put  an  end  to".  Bence,  abateaent  of  ground  water 
pollution  is  the  "cessation  of  pollutants  Moving  into  the  ground  water 
and  the  elimination  of  the  movement  of  pollutants  having  already  reached 
the  ground  water".  Cleanup  is  taken  to  aean  "elimination  of  the 
pollutant  through  removal  and  treataent  or  iamobilisation".  tea  tor at  ion 
will  include  chose  aeasures  that  attempt  to  return  the  aquifer  to  its 
original  state.  This  most  often  will  involve  a  cleanup  strategy  plus 
soma  recharge  of  fresh  water.  It  should  be  noted  that  thasa  goals  are 
not  totally  independent  of  each  other.  More  specifically,  a  truly 
effective  "cleanup"  strategy  will  include  "prevention"  and  "abatement" 
stepa  also.  Table  3  is  a  listing  of  the  various  strategies  available 
for  obtaining  the  above  goals. 

The  definition  of  the  goals  of  a  ground  water  management  strategy 
is  not  a  totally  subjective  evaluation.  In  some  instances,  the  feasible 
goals  will  be  dictated  by  problem-specific  conditions.  It  is  therefore 
receasModed  that  a  review  of  the  preliminary  steps  be  undertaken  prior 
to  eetablishsMat  of  any  goals. 


Coals  Identification  Matrix 

rigors  4  is  a  goals  identification  matrix.  Listed  down  the  left- 
hand  side  are  the  possible  goals  and  along  Che  top  are  soma  goal 
decision  factors.  Probably  the  best  any  to  use  the  matrix  is  to  become 
familiar  with  each  box  in  the  matrix.  If  one  can  became  familiar  with 
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Table  3:  Currently  hutlcd  or  Proposed  Aquifer  lea tors t ion  Strategies  for 
Cbroaic  Pollution  Problem* 


Cool 

Strategy  typo 

Action 

Prevention 

Institutional  Measure* 

1. 

Aquifer  or  of fluent  standards , 
effluent  chargee  or  credits, 
land  soning. 

Source  Control 

1. 

Source  reduction  or  ran oval 

2. 

Optimum  sit*  selection 

3. 

Man-made  control  options 

a.  Impermeable  aaabranes 

b.  Impermeable  materials 

c.  Surface  capping 

d.  Collector  drains 

*.  Interceptor  trenches 

Abatement 

Waste  Management 

1. 

Modification  of  pumping 

2. 

Pressure  ridges 

3. 

Pressure  troughs 

A. 

Subsurface  barriers 

ClMMf 

Waste  Traatasnt 
and  Disposal 

1. 

Above-ground  treatment 

2. 

In-situ  mat hods 

Restoration 

Cleanup  Pina 

Moaharga 

t<3 


>V. 


the  limiting  factors  for  aach  of  tha  possible  goal a ,  selection  of  a 
faaaibla  and  obtainable  goal  will  became  an  aaaiar  process. 

Not  all  possible  factors  haws  bean  listed  in  Figure  4.  Tha  major 
factors  «Mt  likely  to  influence  tha  choice  of  any  goals  are  liatad. 
Bach  problem  will  haws  its  own  extraneous  factors  which  will  influence 
the  selection  of  the  specific  goal.  Figure  4  is  to  be  used  as  a  general 
guide. 


Technology-Decision  Factor  Matrix 

Having  developed  at  least  a  preliminary  goal  for  a  particular 
problem,  one  can  than  move  to  the  technology-decision  factor  matrix  in 
Figure  5.  If  one  enters  the  coluam  labeled  "Management  Strategy"  end 
reads  down,  the  technology  (technologies)  that  can  achieve  that  goal  can 
be  identified.  After  identifying  the  feasible  technology  (technologies) 
one  then  reeds  across  the  rows  for  that  technology  to  identify  any 
factors  that  might  limit  the  applicability  of  that  technology.  The  end 
result  of  theae  two  steps  should  be  tha  identification  of  a  aeries  of 
technologies  or  technology  combinations  that  are  applicable  to  a 
particular  problem.  Further  elimination  of  theae  technologies  will  come 
in  the  scope  design. 


Preliminary  Screening 

Having  developed  a  preliminary  list  of  feasible  technologies  one 
can  then  move  into  a  preliminary  screening  process  to  narrow  down  the 
number  of  choices.  The  prelisrfnary  screening  process  will  necessarily 
rely  heavily  on  professional  judgment ,  and  include  factors  such  as 
technical  feasibility,  public  acceptance ,  and  physical  constraints. 


Scope  Design 

Probably  the  beat  means  of  eliminating  possible  but  non- feasible 
alternatives  would  be  through  tha  use  of  a  scope  design.  The  scope 
design  ia  a  small  scale  analysis  of  the  proposed  alternatives  for 
preliminary  estimates  of  sins,  coots,  life  expectancy,  offieioney,  etc. 
The  scope  design  will  rely  on  aetimntes  or  ball  perk  figures  for  costs, 
etc.,  to  generate  a  rough  estimation  for  each  of  the  proposed 
alternatives.  Tha  scops  design  should  bo  lose  expensive,  lass  tins 
consuming,  and  Inherently  Ians  accurate  than  a  full  bloom  engineering 
analysis.  Therefore,  alternatives  that  tost  out  to  be  similar  in  costs 
should  not  bo  eliaiaeted  from  further  consideration,  the  objective  of 
the  soaps  design  should  bo  to  eliminate  t ha  obviously  too  expansive  or 
too  land  intensive  alternatives . 


US 


mm 


If  ration 


With  preliminary  aiaa  and  coat  data  generated  (roa  tba  acopa 
design,  ona  would  than  want  to  itarata  through  tha  procedure  outlined 
above,  Perhaps  tha  data  ganerated  night  indicate  that  all  tha  poaaibla 
altarnativaa  exceed  the  funding  available,  la  thia  case,  one  night  want 
to  redefine  the  goals  of  the  ground  water  naaageaent  strategy,  and 
attanpt  to  develop  new  poaaibla  techaologiea  for  achieving  these 
awdified  goals.  Similarly,  one  night  have  identified  extraneous  factors 
from  the  screening  or  scope  design  steps  that  night  influence  which 
technologies  are  feasible.  The  objective  of  the  iteration  step  is  to 
narrow  down  the  list  of  proposed  alternatives  to  those  that  are  truly 
econonically  and  technically  feasible. 


EVALUATION  am)  8KLKCTI0W  OP  ALmiATIVtS 

Selection  of  a  single  alternative  from  the  list  of  proposed 
alternatives  should  cone  fron  balanced  consideration  of  technical, 
economic  and  environmental  factors.  The  following  auctions  will 
identify  potentially  useful  tools  for  evaluating  the  economic  , 
environmental  and  risk  implications  of  aquifer  restoration  schemas.  Key 
issues  or  unique  aspects  of  these  evaluations  will  also  be  discussed. 


KCOMOHIC  KVALUATIOW 


Economic  evaluation  of  the  proposed  alternatives  can  follow  the 
traditional  procedure  of  itemising  all  the  costs  for  a  given  project, 
assort ising  these  costa  for  the  life  of  the  project,  developing  some 
measure  of  the  benefits  of  tha  project,  end  comparing  these  figures  for 
each  of  the  alternatives.  A  number  of  unique  issues  arise  whan 

considering  an  economic  evaluation  of  ground  water  contamination 
problems. 


The  first  major  issua  to  be  concerned  with  is  comparison  of 
alternatives  on  a  common  basis.  Aw  alternatives  may  be  projected  to 
achieve  the  same  result  through  radically  different  methods. 

The  second  major  issua  to  be  concerned  with  is  the  coat  items 
associated  with  alternatives.  It  is  important  that  all  coat  items  be 
identified.  As  an  example  of  how  large  these  lists  can  be,  Lundy  and 
Mahan  (19M)  provide  a  list  of  cost  components  for  a  wall  system  in 
Table  A. 

lixler,  Ians  on  and  Langner  (1PM)  note  that  coat  items  can  be 
monetary  and  eon-monetary,  direct  or  indirect.  In  addition  to  the 
obvious  direct  monetary  coats  such  as  materials,  equipment,  etc.,  non¬ 
monetary  coats  meat  be  included  ouch  as  relocation  coats,  loos  of 
revenues,  decreased  property  values  and  ethers.  It  is  important  that 
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lontfy  and  Mahan  (1982) 


the  list  of  coat  it* 
(Thoraen,  1981 ) . 


b«  eoapltti  and  include '  all  partinaat  coat* 


Anothar  iaaua  aaaociatad  with  economic  evaluation  of  alternatives 
it  that  of  developing  a  measure  of  tha  haoafita  of  an  alternative.  Some 
banafita  will  ba  warp  difficult  to  assign  dollar  values  to,  for  exanpla, 
reduced  health  riaka.  Additionally,  a  owe  banafita  nap  ba  hard  to 

aaaaaa,  such  laaa  assign  a  price  tag  to  aa  ia  tha  eaaa  with  health 

riaka. 

Tha  final  and  most  important  iaaua  aaaociatad  with  economic 
analpaia  ia  tha  approach  to  be  utiliaad.  St.  Clair,  McCloakap  and 
Shaman  (19S2)  anal  pee  tha  advantage*  and  diaadvantagea  of  varioua 

approachaa  including!  riak  assessment,  coat/banafit  analpaia,  coat- 
affactivanaaa  analpaia,  trada-off  matrices,  and  aanaitivitp  analpaia. 
Utilising  tha  poaitivu  attribute*  of  thaaa  approachaa,  St.  Clair, 

KcCloakep  and  Shaman  (1M2)  have  developed  a  framework  for  evaluating 
coa t-e f fee t ivanaaa  of  remedial  actiona  at  uncontrolled  haaardoua  waata 
aitaa. 

In  aunnarp,  it  can  ha  aaid  that  there  aaiata  no  ideal  aathodologp 
for  acononic  evaluation  of  aquifer  reatoration  atratagiea.  The  beat 
approach  ia  to  develop  a  nod if led  veraion  of  an  exieting  nethodologp 
that  ia  applicable  to  the  problem  of  concern.  The  aathodologp  utiliaad 
ahould  have  the  following  beaic  attributes*  (1)  it  coaparea 
alternativea  on  a  coaaoo  baaiai  (2)  it  poaaeaaea  a  one  aaaaura  of 
aaaeaaing  banafita;  (3)  it  ia  eoaprehenaive  and  conaidera  all  relevant 
factora;  and  (A)  ita  reaulta  are  not  auhject  to  biaa  and  are  replicable. 


WVIiflWlffAL  WAUATIOW 

tech  of  tha  propoaad  alternativea  anat  alao  he  analysed  for  ita 
potential  impact  on  tha  environment.  Thera  arc  a  variety  of  approaches 
that  can  ha  used  to  aaaeaa  thaaa  iapecta  including  empirical  assessment 
thodologiaa,  interaction  awtricaa,  network  analpaia,  checklists,  and 
others  (Canter,  1977).  Tha  purpose  of  this  section  ia  to  point  out  the 
need  for  enviroeaeatal  impact  aaaaaaaent  in  aquifer  reatoration  projects 
and  to  identify  soom  unique  issues  associated  with  it. 

The  first  unique  iaaua  to  he  identified  in  association  with  ground 
water  cleanup  activities  ia  that  soma  alternatives  aap  represent  "an 
irretrievable  coaaittaant  of  natural  resources",  i.a.  soae  alternatives 
a ay  require  that  the  aquifer  remain  permanently  altered.  This  ia 
especially  true  of  the  below  ground  technologies  aoch  as  impermeable 
barriers  (slurry  walla,  grouts),  or  the  in-situ  cleanup  technologies, 
la  essence,  tha  enviroeaeatal  evaluation  ahould  give  special  eaphasia  to 
the  fata  of  the  subsurface  environment. 


Secondly,  because  tha  unique  aspects  of  ground  water  remediation 
octivitiaa  usually  lio  underground,  tha  above  ground  consequences  of  tha 


Figure  6s  Six  Level*  of  Public  Involvement 
(Freudenthel  end  Celender,  1982) 


remedial  action  should  bo  relatively  onay  to  assess.  Mora  t pacifically, 
ground  water  remedial  actions  for  tha  aoat  part,  do  not  represent  large, 
land  intensive  undertakings.  Depending  on  the  technology  employed, 
there  will  exist  a  potential  to  affect  any  of  the  environments  (water, 
air,  noise).  However,  the  aagnitude  of  these  impacts  will  not  be  as 

great  as  for  previously  studied  actions  such  as  dans,  power  plants, 

highways,  etc.  There  should  exist  ample  information  on  related 

activities  so  that  the  assessment  of  the  above  ground  inpacts  of  ground 
water  remedial  actions  becomes  aiapte,  straightforward  and  less  time- 

consuming  than  the  assessment  of  subsurface  effects. 

The  last  issue  associated  with  environmental  evaluations  is  the 
importance  of  public  participation.  le cause  of  the  recent  attention 
afforded  ground  water  pollution  episodes  by  the  media,  the  public  has 
became  ill-informed  and  frightened.  It  is  desirable  to  avoid  public 
hysteria  in  any  project  and  this  iq  especially  true  for  aquifer 
restoration  projects.  Hecause  ground  water  is  a  "hidden  resource", 
improving  the  public  Understanding  will  be  especially  difficult. 

Careful  p leaning  and  increased  attention  should  be  applied  to  the  role 
of  public  participation  in  any  ground  water  pollution  environmental 

studies.  Preudenthal  end'  Calender  ( 1 981 )  note  that  public  participation 
programs  can  promote  conflict  resolution  by  providing  opportunities  for 
individuals  and  opposing  groups  to  explore  compromise  solutions.  Figure 
6  shows  six  levels  of  public  involvement  and  it  shows  that  public 
involvement  grows  with  the  complexity  of  tha  problem.  Oround  water 

contamination  problems  'tend  to  be  complex  and  as  such,  public 

participation  should  be  anticipated  to  be  high. 


IIH  UWililrt 


It  is  necessary  to  start  this  section  of  the  report  with  an  excerpt 
from  Corns by ,  at  al.  (19l2)i 

"The  paramount  concern  is  that  no  known  general  methodology  is 
available  for  conducting  overall  environmental  risk  assessment, 
risk  assessment  that  includes  both  humans  and  especially  non-human 
or  ecological  receptors.  In  fact,  the  terminology  in  tha 
literature  is  not  always  clear,  suggesting  that  our  views  and 
knowledge  of  environmental  risk  assessment  are  still  evolving." 

This  statement  should  serve  as  adequate  notice  that  assessing  the  risks 
of  aquifer  restoration  alternatives  will  not  he  easy. 

larger  (1M2)  states  that  risk  assessment  has  bees  defined  as,  "the 
identification  of  haaards,  tha  allocation  of  cause,  the  estimation  of 
probability  that  hern  will  result,  and  the  balancing  of  harm  with 
benefit".  Moreover,  larger  (1M2)  states  that  selecting  as  effective 
remedial  technique  involves  the  balancing  of  the  need  to  contain 
contaminants  within  acceptable  levels  against  the  costs  associated  with 
the  cleanup  measures .  It.  Clair,  MeCloskey  and  thermae  (l M2)  state 
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Tabl*  5:  Sources  of  Information  for  Each  of  the  Ratine  factor* 


Rating  Factor 
lUttplwi 

Population  within  1000  feet 


Diuancc  to  the  nearest 
drinking-water  well 

Distance  to  nearest  off-site 


Land  usc/zooing 


Critical 


Pathways 

Evidence  of  contamination 


Level  of  cowtandnatioo 


Type  of  contamination 
Distance  to  nearest  surface 


Depth  to  groundwater 


Net  precipitation 


Sod  permeability 


Bedrock  permeability 


Depth  to  bedrock 


Bearers  of  iafecmaliea 


•  Local  housing  officials  or  census  officers 

•  Current  topographic  maps  or  aerial  photos 

«  Information  obtained  from  knowledgeable  sources  such  as  Public 
Health  Departments,  water  supply  companies,  well  drillers,  residents 

•  Local  housing  officials  or  census  officers 

•  Current  topographic  maps  or  aerial  photos 

•  Land  use  or  sotting  maps 

•  Aerial  photos 

•  National  WBdHfe  Federation  and  other  national  environmental  groups 

•  Bute  and  local  environmental  groups 

•  U.S.  Fish  and  Wildlife  Service 

•  State  departments  of  Fish  aad  Game 


•  Information  obtained  from  knowledgeable  parties 

•  Information  obtained  from  knowledgeable  parties 

•  Information  obtained  from  knowledgeable  parties 

•  USG8  topographic  maps  or  reports 

•  Maps  and  reports  from  State  or  local  Highway  Departments  or 

from  universities  or  state  geological  surveys 

•  USOS  water  supply  papers,  ground  water  bulletins  and  gaolagk 


•  Local  well  drillers,  water  suppliers,  and  universities  (geology 

departments) 

•  NOAA  annual  weather  summaries 

•  Oeaeral  precipitation  and  evapotranspiratioa  maps 

•  USDA  Soil  Conservation  Service  county  maps  and  reports 

•  USOS  soil  maps  aad  reports 

•  USOS  water  supply  papers,  ground  water  bulletins  and  geologic 

reports 

•  Load  well  drillers,  water  suppliers,  and  universities  (geology 

deportments) 

•  USDA  Soil  Conservation  Service  county  maps  and  reports 

•  USOS  soil  and  geologic  maps  and  reports 
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Table  3  (continued) 


Warn  Characteristics 

Toaicitjr 

Radioactivity 

Pertinence 

Ignitability 

Reactivity 

Corrosiveness 

Solubility 


Volatility 

Physical  state 

Waete  Management  Practices 

Site  security 

Hazardous  waste  quantity 

Total  waste  quantity 

Waste  incompatibility 

Use  of  linen 

Use  of  leachate  coiled  ion 
systems 

Use  of  gas  collection 
systems 

Use  and  condition  of 
containers 


•  Hazardous  Properties  of  Industrial  Materials  by  N.  1.  Sax 

•  National  Fire  Protection  Association’s  Guide  on  Natard  Materials 

•  Registry  of  Toxk  Effects  of  Chemical  Substances 

•  Information  obtained  from  knowledgeable  parties 

•  Partition  Coefficients  (sec  "Partition  Coefficients  and  Bioaccumu¬ 

lation  of  Selected  Organic  Chemicals,”  Environmental  Science  and 
Technology,  Vot  II,  No.  S,  May  1977,  p.  473.) 

•  NFPA  Guide 

•  Lang's  Handbook  of  Chemistry 

•  NFPA  Guide 

•  Proposed  RCRA  Regulations,  Federal  Register.  December  18,  1978. 

•  Information  obtained  from  knowledgeable  parties 

•  CRC  Handbook  of  Chemistry  and  Physics 

•  Lang’s  Handbook  of  Chemistry 

•  Merck  Index 

•  Handbook  of  Environmental  Data  on  Organic  Chemicals 

•  CRC  Handbook  of  Chemistry  and  Physics 

•  Lang’s  Handbook  of  Chemistry 

•  Handbook  of  Environmental  Data  on  Organic  Chemicals 

•  Information  obtained  from  knowledgeable  parties 


•  Information  obtained  from  knowledgeable  parties 

•  Information  obtained  from  knowledgeable  parties 
■  •  Information  obtained  from  knowledgeable  panics 

•  Federal  Register  VoL  45,  No.  98,  May  19,  1980,  p.  33258 

•  Information  obtained  from  knowledgeable  panics 

•  Information  obtained  from  knowledgeable  panies 


•  Information  obtained  from  knowledgeable  panics 


•  Information  obtained  from  knowledgeable  panies 


Kufa  at  al.  (1M0) 
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Extrapolation*  Raoul  red  in  Determining  Risk 
(Schweitzer,  1981). 


Table  6:  C<**>*rl*<™  of  Technique* 


that  "a  risk  UMnant  involves  tha  definition  of  tho  riaka  to  tha 
environment  and  human  health  of  con tinned  pollution  from  a  eite"  end 
"the  aost  inexpensive  remedial  action  that  reducoa  the  riak  to  aa 
acceptable  level  could  ha  considered  tha  aoat  cost-effective".  Davaon 
and  Banning  (1992)  note  that  tha  objective  of  a  remedial  action  ia  to 
reduce  aeeociatad  riaka  to  an  acceptable  level". 

The  above  etataaents  are  all  straight  forward  yet  they  still  yiold 
soaa  debs t sable  issues.  The  aost  inportent  question  however,  is  how  can 
the  risks  of  aquifer  restoration  alternatives  be  aseeasedf  There  are 
two  generally  accepted  approaches  to  risk  assessaont.  The  first 
approach  ia  to  take  given  criteria  or  standarde  for  a  contaminant  and 
work  backwards,  utilising  intrinsic  properties  of  the  coataainant  end 
aquifer,  to  develop  a  list  of  possible  alternatives.  Tho  second 
approach  is  to  analyse  the  effectiveness  of  various  alternetivos  and 
coapare  their  resultant  concentrations  with  a  given  standard.  Ho  aatter 
which  approach  ia  used,  scaewhere  a  "criteria"  or  "standard"  or 
"acceptable  level"  is  involved.  These  figures,  for  tha  aoat  part,  ere 
noa-usistant .  Dawson  and  tanning  (1992)  outline  a  aethod  for  setting 
site  restoration  criteria  by  using  air  or  water  standards  and  working 
backwards  with  data  on  dilution  potential  and  distribution 
characteristics.  This  aathodology  is  dependant  on  criteria  existing  end 
knowledge  of  transport  mechanics,  which  aay  not  bo  available. 

Thera  have  boon  a  number  of  risk  aesoeeaent  techniques  promoted  for 
assessing  tha  risk  of  hasardous  waste  sites.  With  slight  modifications, 
soae  of  these  will  bo  applicable  to  assessing  different  alternatives  at 
individual  sitae.  Oaterberg,  Stone  and  Tufuri  (1991)  outline  ouch  a 
procedure  for  assessing  spill  sites.  Caldwell,  Barrett  and  Chang  (1991) 
have  developed  a  ranking  systea  for  the  release  of  hasardous  substances, 
■alson  and  Young  (1991)  discuss  a  location  and  prioritisation  scheme  for 
future  investigation  of  abandoned  duop  sites.  Unites,  Possidento  and 
Houeaen  (1990)  describe  tha  development  of  e  site  investigation  annual. 
Kufs,  at  al.  (1990)  have  developed  a  aathodology  for  selecting  sites  for 
investigation  based  on  their  adverse  environmental  impacts.  Berger 
(1992)  describes  a  general  aathodology  for  aasesaing  risks  based  on  a 
siailar  approach  as  Kufs,  at  el.  (1990).  This  aathodology  considers 
four  characteristics!  receptors,  pathways,  waste  characteristics,  and 
waste  management  practices.  Table  5  is  a  list  of  information 
requirements  for  this  aathodology. 

Behwoiteer  (1991)  has  developed  a  aore  specific  aothodology  that  is 
based  on  assessing  sites  by  a  cheaical-by-cteaical  approach.  The  flow 
chart  for  this  approach  is  in  Figure  7.  Figure  9  shews  an  approach  to 
organisational  aspects  of  environmental  risk  assessaont  developed  by 
Cornaby,  at  al.  (1992). 

las  and  9hih  (1991)  have  divided  risk  assessment  techniques  into 
three  categories i  (1)  formal  analysis,  (2)  comparative  analysis,  and 
(3)  professional  judgment.  A  comparison  of  tha  techniques  is  ia  Table  9 
and  thair  streagtha  and  weaknesses  are  in  Table  7. 


Misbet  (1912)  dlscessea  mm  bmi  aad  limitations  of  risk 
u*M«nti .  Mlobot  (1992)  mi  fcran  (19*2)  both  point  oat  that 
without  detailed  analytical  Maitoriof  prsgrsM,  rlok  uwaiaaita  cm 
uutUjf  only  pcoducs  o  gealitative  ranking  of  altenativM.  Misbet 
(1962)  alao  points  oat  that  riak  oaaaaaMota  arc  difficult  to  eoadaet 
oad  give  ascertain  raaulta,  bacaoaat  (1)  exposure  ia  usuelly  vsrlsble 
and  poorly  ckarac  tori  and;  (2)  toxicity  iaforMtioa  io  hard  to 
extrapolate  to  kweiana  froa  animal*;  aad  (3)  ground  voter  traaaport 
mechanics  are  often  unknown  nakiog  the  popalatioo  at  riak  difficult  to 
MtilMte. 

Baa  aad  Ibih  (19*1)  bare  identified  the  deairod  capabilities  of  any 
asaaaaaoat  Methodology  to  hoi 

1.  Means  to  provide  estimates  of  riak  probability. 

2.  Procedures  to  facilitate  eyeteaatic  chinking. 

3.  Processes  ehieh  allow  for  Che  incorporation  of  inputs  froa 
Multiple  individuals  aad  disciplines. 

4.  Basy  to  review. 

In  suoaery,  risk  esseseaeet  could  be  the  Meet  difficult  aspect  of 
evaluating  ground  water  pollution  cleanup  alternatives.  The  problens  to 
be  encountered  stew  froa  the  fact  that  awt  of  the  needed  information 
for  any  comprehensive  methodology  will  not  exist.  The  use  of 
eetinstioos  in  any  methodology  will  limit  its  replicability. 

The  boat  approach  to  risk  assessment  will  be  to  develop  a 
methodology  suited  to  the  preblM  ia  guoation.  Modification  of  the 
existing  methodologies  discussed  previously  is  om  approach.  The  best 
risk  assessment  methodology  will  bo  om  that  beat  utilises  eve.  Me 
infonaation  sad  requires  the  least  earnout  of  Mtimstod  input. 


•---^The  final  step  in  the  protocol  involves  weighing  the  economic, 
environmental  aad  risk  assessments  appropriately  and  deriving  an  optimum 
solution.  1  large  number  aad  wide  variety  of  dM  Is  leu -making  toole  are 
available  for  m looting  an  optimum  strategy  frM  a  list  of  elteraativMj. 
This  protocol  gives  no  prafercaee  to  any  telnet  methodology  as  they  a  IT 
have  advantagM  ead  limitatioua.  Per  farther  dieceeeiea  of  these 
methods logiea ,  tho  reader  is  refsvred  to  Canter  (1977). 
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ABSTRACT 

^Hydrologic  characterization  of  hazardous  waste  sites  is  an  expensive  and 
challenging  task.  Making  efficient  use  of  field  data  in  modeling  subsurface 
flow  and  transport  can  help  private  firms  and  government  agencies  control 
costs  by  achieving  better  results.  Often,  conventional  approaches  to 
geohydrologic  data  processing  (e.g.,  hand  contoured  maps)  are  too  subjec¬ 
tive  to  provide  the  most  efficient  and  accurate  use  of  the  data. 

The  geostatistical  interpolation  technique,  kriging,  and  an  elementary 
streamtube  hydraulic  conductivity  inverse  algorithm  have  been  successfully 
applied  to  characterize  the  flow  system  at  a  complex  hazardous  waste  site. 
Kriging  aided  In  identifying  the  need  for  additional  field  measurements, 
selecting  optimal  well  locations,  determining  the  effect  of  subjective 
Inferences  (by  geohydrologists)  on  the  groundwater  flow  system,  estab¬ 
lishing  data  validity,  and  producing  *best-f1t*  contour  plots  from  Irregu¬ 
larly  spaced  field  measurements.  Subsequent  field  work  and  the  numerical 
modeling  of  flow  and  chemical  transport  confirmed  the  value  of  the  geo¬ 
statistical  efforts. 

INTRODUCTION 


Making  efficient  use  of  field  data  to  characterize  the  hydrogeologic 
systems  at  hazardous  waste  sites  can  help  private  firms  and  government 
agencies  control  costs  and  achieve  better  results.  Kriging  and  inverse 
methods  are  more  objective  than  subjective  hand- Interpolation  of  data  by  a 
geohydrologist.  These  objective  methods  have  been  applied  to  a  multiphase 
remedial  Investigation  for  a  government  agency.  The  site  hydrology, 
consists  of  a  heterogeneous,  anisotropic,  multilayered  groundwater  system. 
8ecause  of  the  complexity  of  the  groundwater  system,  the  objective 
techniques  proved  to  be  very  beneficial  for  Interpretation  of  Irregularly 
distributed  geohydrologic  data.  However,  the  Insight  and  judgeer  ;  of  the 
geohydrologists  were  needed  to  Interpret  the  relationship  of  geohydrologic 
parameter  trends  to  patterns  In  the  geologic  fabric,  to  provide  explanation 
of  data  anomalies  identified  by  kriging,  and  to  extrapolate  parameter 
surfaces  vdtere  little  or  no  data  existed.  Similar  findings  have  been 
reported  In  other  studies  (Orr  and  Dutton,  1983;  and  Devary,  1983). 
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The  focus  of  this  paper  Is  on  the  evaluation  of  geologic  and  geohydrologic 
data  using  geostatist  leal  tools.  Topics  which  are  discussed  Include: 

•  a  krlglng  methodology  for  developing  geohydrologic  surfaces  and 
evaluating  the  reliability  and  utility  of  field  data; 

•  a  stream  tube  hydraulic  conductivity  Inverse  technique  for 
developing  permeability  and  transmissivity  distributions; 

•  the  characterization  of  the  groundwater  system  at  a  hazardous 
waste  site  using  krlglng,  inverse,  and  conventional  methods;  and 

•  some  concluding  statements  about  the  advantages  and  limitations 
of  krlglng  and  other  computational  techniques. 

The  section  pertaining  to  characterization  of  the  groundwater  system 
Includes  a  description  of  the  Importance  of  these  techniques. 

Krlglng 

Krlglng  Is  a  geostatlstlcal  technique  that  can  be  used  to  estimate  a  surface 
from  spatially-distributed  data.  It  was  developed  In  the  early  1960's 
primarily  by  the  French  mathematician  6eorge  Matheron  to  solve  mining 
estimation  problems.  In  the  last  several  years  geohydrologists  and  ground- 
water  modelers  have  utilized  geostatlstlcal  techniques  to  analyze  geo- 
hydrologic  field  data  (Oelhomme,  1976;  Gambolatl  and  Volpl,  1979;  and 
Devary  and  Doctor,  196?). 

Krlglng  is  a  statistically-based  Interpolator  of  Irregularly  spaced  data. 
To  krlge  an  estimate  of  a  variable  (e.g.,  potent lometrlc  head),  at  a 
particular  location  (xq)  where  no  field  measurement  Is  available,  the 
following  steps  are  required.  For  simplicity.  It  is  assumed  that  x  Is  a  two- 
dimensional  vector  in  a  Cartesian  plane. 

1)  Select  the  boreholes  (with  data)  nearest  the  location  to  be 
estimated;  typically,  between  eight  and  sixteen  neighboring 
boreholes  are  used  in  the  Interpolation  procedure.  Let  Hj, 
H;...,  Hn  denote  those  measured  values  (Figure  1)  which  are 
assumed  to  be  the  realization  of  a  stochastic  process,  H). 

2)  Determine  the  weights  (l.e.,  the  krlglng  weights)  to  be  used  for 
the  averaging  process;  the  krlglng  weights  depend  on  the  drift 
(overall  trend)  of  the  data  and  the  covariance  (varlogram  or 
generalized  covariance)  that  corresponds  to  data  fluctuations 
superimposed  on  the  drift.  Orlft  can  be  constant,  linear,  or 
quadratic,  LettlngXj, x^,...,  *n  denote  the  krlglng  weights.  The 
krlglng  estimate  at  x«  fs  given  by: 
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FIGURE  1.  krlglng  Estimate  at  Point  x0 

3)  The  variance  of  the  krlglng  error  corresponding  to  the  krlglng 
estimation' error.  Is  calculated  by  using  the  krlglng  weights  and 
covariance: 

a2  («*(x0)  -  H(x0))  ■  K{o)  -  2  i  J  K  {xf,  x0)  + 


n  n 

t  I  »|  MK  (*\t  xj) 

1  •  I  J  -  1  J  J 

where  K(xj,  xj)  is  the  generalized  covariance  evaluated  at 
positions  xi  and  xj;  note:  Hj  -  H(xf). 

The  krlglng  weights  are  selected  to  minimize  the  krlglng  estimation  error 
variance  a2  (H*fx0)  -  H(x0>). 

A  full  discussion  of  krlglng  theory  may  be  found  In  Matheron,  1973;  and 
Joumel  and  Huljbregts,  1978. 

The  unbiased,  minimum  variance  properties  of  krlglng  limply  that  the  maximal 
amount  of  Information  is  extracted  from  the  geohydrologic  field  data.  Also, 
a  statistical  quantification  of  the  estimation  error  Is  established  by 
using  the  error  variance. 

The  statistical  quantification  of  estimation  error  allows  a  geohydrologist 
or  modeler  to: 

1)  Establish  data  validity  by  comparing  observed  and  predicted 
values;  differences  greater  than  3  standard  deviations  (3«) 
indicate  potentially  invalid  data  (with  99K  confidence). 

2)  Objectively  identify  the  utility  or  worth  of  gathering  additional 
field  measurements  by  exmalnlngu. 


m 


3)  Select  optimal  Ml!  locations  according  to  the  desired  reduction 
In  0. 

4)  evaluate  subjective  Inferences  by  determining  whether  hand-drawn 
contour  naps  are  within  the  3 e  error  band  or  the  krlged  contour 

map. 


In  addition  to  producing  contour  naps  by  krlglng  and  statistically 
quantifying  the  estimation  error,  sensitivity  studies  are  beneficial  to  the 
process  of  selecting  locations  for  new  monitor  wells.  These  studies  require 
conditional  simulations  of  sample  values  at  potential  observation  locations 
to  determine  a  plausible  range  of  new  observed  values.  Because  selection  of 
those  observation  locations  mqy  have  significant  Impact  on  the  conceptual 
and  simulation  model  of  the  flow  system,  subjective  judgement  based  on 
experience  must  also  be  applied  even  If  only  to  serve  as  a  check  against 
krlglng  results. 

Streamtube  Hydraulic  Conductivity  Inverse  Calculations 

To  accurately  simulate  contaminant  transport.  It  is  necessary  to  estimate 
the  Oarcian  velocity  field.  Potantiematrlc  head  data  are  typically  more 
plentiful  and  accurate  than  other  types  of  geohydrologic  data,  krlged 
potent iometr  1c  surfaces  based  upon  head  smasuremants  are  generally  real¬ 
istic  interpretations  of  the  floe  system.  On  the  other  hand,  hjdraul  1c 
conductivity  measurements  that  are  derived  from  pump  tests  often  exhibit 
tremendous  variability  and  very  little  spatial  correlation  with  observed 
hydraulic  gradients.  Significant  errors  In  calculated  hydraulic  con¬ 
ductivity  usually  result  from  madia  heterogeneities  and  the  fact  that  pump 
tests  do  not  usually  stress  the  system  over  a  large  enough  area  to  be  truly 
representative  of  macro-scala  flow. 

Researchers  have  resorted  to  "Invars#  techniques"  to  Infer  realistic 
hydraulic  conductivity  distributions  from  available  potent  Iometr  1c  head  and 
hydraulic  conductivity  data  (Chavent,  l«75;  Cooley,  1977;  Neuman,  2973  and 
1980;  Neuman  and  Vakowitz,  1979;  Wilson  and  Hettinger,  1978;  Wilson  et  el., 
1979;  and  Ntlson,  1980). 

The  inverse  technique  which  we  have  used  wet  designed  by  Stallmen  (1958), 
Nelson  (1980  and  2981),  Cear lock,  et  al.,  1971),  and  Rice  (1983),  end 
involves  scaling  a  known  hydraulic  conductivity  value  along  a  strematwba 
according  to  the  convergence  or  divergence  of  flow.  The  approach  requires 
a  digitized  potentlometrlc  head  surface  to  generate  a  flow  not  and  a  known 
hydraulic  conductivity  value  for  each  streamtube.  This  approach  is  Ideal 
far  preliminary  site  characterization  activities  because  a  numerical 
arounifrater  flew  modal  is  not  required.  The  basis  of  the  method  is  as 
follows: 
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For  systems  In  which  two-dimensional  flow  predominates,  the  transmissivity, 
T,  can  be  defined  as: 

T  «  0  x  1C  (1) 

where  0  is  the  thickness  of  the  saturated  zone  and  K  Is  the  depth-average 
hydraulic  conductivity.  Darcy's  Law  yields: 

q  •  -K(grad  h)  (2) 

where  q  Is  the  specific  discharge  velocity,  K  Is  the  Hydraulic  conductivity, 
and  grad  h  Is  the  hydraulic  gradient.  The  discharge,  Q,  passing  through  a 
streantube  of  cross-sectional  area  A  Is  given  by: 

Q  •  -KA  g  (3) 

where  s  denotes  the  distance  along  the  streantube. 

The  discharge,  Q,  nay  be  estlnated  by: 

Q  •  -K  x  (Wd)  x  (4) 

where  hj  and  hg  are  the  potentlonetrlc  head  values  separated  by  a  distance 
L  along  the  strewatube,  d  Is  the  streantube  depth,  and  M  Is  the  strewrtube 
width. 

Thus,  if  the  hydraulic  conductivity  Is  known  In  one  elenent  of  the 
streantube,  then  the  flux,  Q,  through  the  streantwbe  nay  be  evaluated. 
Because  nass  nust  be  conserved  and  the  dimensions  (d,  M,  and  L)  and  heed  drop 
(hi  -  ha)  are  known,  the  hydraulic  conductivity  along  the  streantube  nay  be 
inferred. 

The  streantube  Inverse  approach  dees  net  require  a  finite  elenent  or  finite 
difference  groundwater  nodal  os  do  ether  Indirect  approaches  (Cooley,  MTS; 
hewnan,  M73  and  M0O;  Wonsan  and  Vakewltz,  M79;  Wilson  and  Hettinger, 
1978;  and  Wilson  at  a!.,  M79).  However,  the  results  of  the  streantube 
inverse  analysis  should  he  considered  prelim  nary  and  used  only  In  Initial 
site  character Izot ton  studies.  The  Inferred  hydraulic  conductivity  dis¬ 
tribution  vie  this  method  Is  an  Ideal  starting  point  for  an  Indirect  Inverse 
flow  nodal  calibration  procedure. 


The  groundwater  sources  far  the  rentao  onco^  using  the  site  were  grouped 
into  four  layers:  1)  silt  and  clay  forming  an  egwlterd  (shallow  system),  2) 
sand/gravel,  ))  fractured  I  a  dr  act,  which  along  with  Layer  i  couprises  the 
aquifer  (deep  system),  and  4)  unfractwrod  bedrock  forming  a  lower  confining 
layer,  the  grojmduetor  flan  mi*  transport  activities  involved  calibrating 
a  three  dfgnilpnil  f  left  a  aleeewt  model  to  tinplate  flew  to  the  upper 


three  layers.  The  geostatlstlcal  activities  were  concentrated  on  the 
aquifer  where  the  contamination  was  moat  widespread,  and  therefore,  the 
majority  of  monitoring  wells  (50-deep  system  vs  24-$ha11ow  system,  as  of 
April  1982)  were  bored  into  this  deep  system.  Although  a  realistic 
potent lometric  surface  was  krlged  for  the  shallow  system,  only  the  work  on 
the  deep  system  is  discussed  here. 

The  left  side  of  Figure  2  contains  a  plot  of  locations  for  wells  bored  Into 
the  deep  hydrostratlgraphlc  unit  (50  wells)  and  a  hand-drawn  contour  map  of 
potentlometrlc  head  (April,  1982)  as  Interpreted  by  the  project  geo¬ 
hydrologist.  The  potentlometrlc  surface  generally  conforms  to  the  topog¬ 
raphy  with  a  convergence  of  flow  along  the  eastern  site  boundary. 
Geostatlstlcal  data  analysis  techniques  were  applied  to  evaluate  the  hand- 
interpreted  potentlometrlc  surface  and  help  select  additional  well  loca¬ 
tions  for  the  next  phase  of  drilling. 

The  validity  of  the  April,  1982,  potentlometrlc  data  was  checked  first. 
This  involved  deriving  krlged  estimates  of  potentlometrlc  head  at  existing 
well  locations  using  head  measurements  from  surrounding  wells.  The  krlged 
estimate  utilized  the  eight  closest  neighboring  wells  using  a  constant 
drift  (order  -  0)  and  a  linear  generalized  covariance,  K(h)  •  -1.0  h  where 
h  represents  the  distance  between  wells.  Thirteen  data  errors  were 
discovered  that  were  attributed  to  transcription  errors  and  Incorrectly- 
surveyed  well  locations,  and  two  wells  were  assigned  to  the  wrong  hydro¬ 
stratlgraphlc  unit. 

The  right  side  of  Figure  2  contains  a  contour  plot  of  the  krlged 
potentlometrlc  surface  based  upon  the  April,  1982,  measured  heed  data.  This 
surface  was  generated  using  the  eight  nearest  neighbors,  a  constant  drift 
(order  >  0),  and  a  linear  generalized  covariance,  K(h)  •  -0.0351  h.  The 
order  of  drift  (0)  and  generalized  covariance  (-0.0351  h)  were  selected 
using  Identification  routines  developed  for  generalized  Increment  processes 
(Matheron,  1973). 

The  hand- Interpreted  surface  and  the  krlged  surface  (Figure  2)  have  the  same 
general  southeasterly  flow  characteristics,  however,  the  two  surfaces  do 
not  agree  In  a  number  of  ureas.  The  primary  reasons  and  areas  of 
disagreement  between  the  geobydrologlst's  hand-drawn  potential  surface  and 
the  krlged  version  are: 

•  the  lack  of  heed  data  which  resulted  in  heed  differences  of  up  to 
4  meters  between  the  two  versions  In  the  areas  east  end  south  of 
the  site  boundary; 

•  Me  geohydro legist’s  hypothesis  that  a  highly  permeable,  buried 
peleo-chennel  sets  as  a  conduit  to  handle  the  Interpreted  flow 
convergence  along  the  eastern  boundary;  and 
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the  g«o hydrologist's  as sumption  that  topographic  highs  repre¬ 
sented  structural  highs  for  all  layers  and  this.  In  turn,  should 
be  reflected  by  head  potential  highs  along  the  south  ridge,  north 
Hdge,  north  MU,  and  east  of  the  site  boundary. 
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Hand -Braun  (Left  Side)  and  Krlged  (Right  Side) 
Potent  tonetr  1c  Contour  Nap  of  the  Deep  Systeo 
(April,  1962)  and  the  Non 1 tor  Malls  Used 
(Potentials  In  Niters  Above  Naan  Sea  Level) 


Based  on  the  differences  beteeen  the  krlead  and  interpreted  surfaces,  areas 
having  krlged  uncertainty  greater  than  1  eater,  and  the  need  ter  accurate 
characterisation  of  centanfnant  pieces,  10  new  wells  were  Installed  tapping 
the  deep  systee.  Pollening  couplet  ton  of  the  wells,  a  eat  of  stabilised 
potent tceetrte  neaewmeeots  wee  collected  in  Narch,  1ft),  that  Included  the 
ton  new  welts  of  the  dMp  stratigraphic  unit  (figure  1,  right  half).  The 
differences  between  the  April.  IW,  (left  half  of  figure  I)  and  Narch, 
1161,  (right  half  of  figure  1)  krlged  potantlonetrlc  surfaces  are  listed 


•  The  March,  1983,  krlged  surface  was  significantly  smoother  and 
more  regular  In  the  north  hill  area  because  of  the  new  well  and 
reclassifying  several  wells  which  proved  to  be  Interconnected 

^  with  the  deep  system. 

•  The  flow  convergence  was  more  clearly  delineated  In  the  March, 
1963,  krlged  surface  because  of  Inclusion  of  a  recently  dls- 

>  covered  off-site  well  (not  shown)  one-half  mile  east  of  the  site. 

The  results  of  the  new  geohydrologic  data  and  second  krlged  potential 
surface  Indicates: 

•  flow  convergence  does  occur  along  the  eastern  site  boundary  as 
inferred  by  the  geohydrologist;  and 

•  a  highly  permeable,  burled  paleochannel  probably  exists  along  the 
eastern  boundary  (this  was  confirmed  during  subsequent  field 
studies). 
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F16URC  3.  Comparison  of  April,  1162,  (Loft  Side)  and  March,  1963, 
(Might  Side)  Krlged  Potent loattrlc  Surfaces  with  Loca¬ 
tions  of  New  Monitor  Molls  (Right  Side)  (Potential 
Contours  tn  Meters  Above  Mean  Sea  Laval ) 


In  the  above  off-site  area  where  data  was  lacking  or  scarce,  the  geo¬ 
hydrologist  predicted  the  potential  surface  More  accurately  than  krlglng. 
The  extrapolation  of  the  probable  potential  surface  was  based  on  topog¬ 
raphy,  on-site  data,  and  off-site  geologic  data. 

On-site  where  data  Is  adequate,  kriglng  proved  to  be  superior  because  It  Is 
not  biased,  that  Is,  It  does  not  take  Into  account  the  possible  effects  of 
topography  or  geologic  Inference  as  does  the  geohydrologist.  The  field  data 
showed  that  although  the  geohydrologist  correctly  predicted  the  fractured 
bedrock  surface  (top  layer  3)  on  the  north  hill  and  ridge,  he  overestimated 
the  Influence  of  the  physiography  and  geologic  fabric  on  the  head  potential 
and  consequently  groundwater  flow  direction.  The  two  new  wells  on  the  south 
ridge  confirmed  that  groundwater  flows  through  the  ridge  and  Is  not 
deflected  around  It  as  the  geohydrologist  predicted.  This  flow  through  the 
ridge  occurs  because  the  bedrock  surface  does  not  conform  to  the  surface 
topography  unlike  other  topographic  highs  In  the  study  area.  This  last 
point  Is  Important  to  the  design  of  a  remedial  action  plan  since  contaminant 
sources  are  believed  to  be  located  In  the  southwestern  corner  of  the  site. 

The  next  step  In  system  characterization  was  to  determine  a  hydraulic 
conductivity  distribution  that  would  conform  to  the  flow-net  derived  from 
the  March,  1983,  krlged  potentlometrlc  surface  using  the  VTT  flow  code 
(Bond,  1981).  The  left  half  of  Figure  4  contains  a  krlged  contour  plot  of 
the  transmissivity  data  that  had  been  derived  from  pump  tests.  The 
transmissivity  data  shewed  over  four  orders  of  magnitude  of  variability 
(range  -  0.01  •  5S0  m*/d)  with  very  little  correlation  between  trans¬ 
missivity  values  and  the  flow-net.  In  order  to  be  physically  realistic 
(conserve  flow),  transmissivity  values  needed  to  be  high  In  regions  of  low 
hydraulic  gradient  and  low  In  regions  of  high  hydraulic  gradient. 

To  remedy  the  situation,  the  streamtube  hydraulic  conductivity  Inverse 
technique  was  applied  to  the  krlged  flow-net.  The  observed  transmissivity 
values  from  on-site  wells  and  estimated  values  from  off-site  wells  In  the 
10-35  aK/d  range  were  used  as  Initial  values  for  stx  streamtube  analyses  for 
the  region.  No  recharge  or  discharge  was  assumed  along  the  streamtubes,  and 
a  uniform  depth  for  the  deep  stratlgrahlc  unit  was  specified.  The  Inferred 
transmissivities  along  these  six  streamtubes  were  krlged  to  the  entire 
region  using  six-point  neighborhoods,  constant  drift  (order  •  0),  and 
linear  generalized  covariance,  k(h)  •  -1  h.  The  Inferred  tranmelsslvlty 
distribution  is  presented  In  Figure  4,  the  right  side;  the  six  streamtubes 
that  were  used  to  characterize  the  region  are  also  Indicated. 

The  hydraulic  conductivity  distribution  for  the  deep  aquifer  was  then 
derived  from  the  Inferred  trensmlsslvlty  surface  by  dividing  the  transmis¬ 
sivity  values  by  the  aquifer  thickness.  This  Inferred  hydraulic  con¬ 
ductivity  surface  served  as  the  basis  for  the  first  simulation  runs  of 
three -dimensional  greuedwatir  flew  model.  Utilising  the  Inferred  hydraulic 
conductivity  distribution  fer  the  deep  unit  and  regional  determinations  of 
fXMMte,v  fins.  Mdum.  idlfliii  nrf  iim  Mi  liiinii  tMMPtlM  ®f  otlur 


layers,  the  models  used  to  predict  flow,  and  transport  were  calibrated  with 
only  minor  adjustments  to  the  permeability  field.  The  accuracy  and 
calibration  time  saved  demonstrates  the  usefulness  of  krlgtng  and  an 
elementary  streamtube  Inverse  technique  to  determine  the  hydraulic  con¬ 
ductivity  distribution. 


MNUAL  THANSNMMIVITY  MAP  INFERAEO  TRAMSMtSStVITY  SOHFACE 


FIGURE  4.  Comparison  of  Two  Krlged  Transmissivity  Surfaces, 
Utilizing  Existing  Data  Points  (Left  Side)  and 
Streamtube  Inverse  Technique  (Right  Side)  (Con¬ 
tours  In  Waters  Squared  per  Day) 


COhCLUSIORS 


Because  characterizing  the  spatial  extent  of  contamination  Is  such  an 
Important  aspect  of  a  site  characterization  study,  krlging  and  Its 
associated  Inverse  technique  we  essential  to  determining  monitor  wall 
placement  and  sufficiency,  evaluating  data  validity,  and  performing  sen¬ 
sitivity  studies. 


Sow  of  the  Import ant  benefits  that  krlglng  offers  for  processing  geo- 
hydrologic  data  are: 

•  objectively  and  quantitatively  Identifying  the  need  for  addi¬ 
tional  field  measurements  to  reduce  data  uncertainty  to  accept¬ 
able  levels; 

•  selecting  optimal  well  locations  for  defining  the  flow  system, 
thus  eliminating  unnecessary  monitor  wells; 

•  providing  objective  feedback  to  determine  the  value  of  subjective 
Inferences  made  by  geohydrologists; 

•  establishing  data  validity; 

•  producing  "best  fit"  contour  plots  from  Irregularly  spaced  field 
measurements; 

•  reducing  the  time  and  cost  required  to  update  computer  simulation 
model  surfaces  as  new  data  are  required;  and 

•  producing  a  mass -conserving  hydraulic  conductivity  field  In 
conjunction  with  the  Inverse  technique. 

Underlying  all  these  potential  benefits  of  krlglng  to  geohydrologic  site 
Investigation  Is  the  fact  that  krlglng  alone  cannot  perform  miracles.  It  Is 
absolutely  essential  that  experienced  geogeohydrologists  be  Involved  with 
the  geostatistician  during  the  krlglng  analysis  to  provide  additional  site- 
specific  Information  that  krlglng  cannot  assimilate.  Krlglng  Is  simply  an 
empirical  technique  to  determine  spatial  Interpolation;  used  with  expert 
geohydrologtc  judgement  krlglng  becomes  a  very  powerful  tool  for  site 
characterization. 


REFERENCES 


Bond,  F.  N.  at  al.  1981.  Variable  Thickness  Transient  groundwater  Flow 
Model -User's  Manual.  EPRl  1 5-2011  Project  1W6-1,  prepared  for  the 
Electric  Power  Research  Institute  by  Battalia,  Pacific  Northwest  Labora¬ 
tories,  Richland,  MA. 

Cearlock,  0.  B.,  K.  L.  Kipp  and  0.  R.  Friedrichs.  1972.  The  Transmissivity 
Interetlve  Calculation  Routine  •  Theory  and  Numerical  Tmolamentation. 
mcmr.  Pacific  RocthSst  IWaWy^lcMdnTw. - - 

Cooley,  R.  L.  1977.  "A  Method  of  Estimating  Par  enters  and  Assessing 
Reliability  for  Models  of  Steady  State  Rrownd-tfeter  Flew.  1.  Theory  and 
Numerical  Procedures.*  Meter  Research.  Vol.  13,  No.  2,  pp.  318-324. 


Oelhomme,  J.  P.  1976.  Application  of  the  Theory  of  Regionalized  Variables 
to  the  Hydrologic  Sciences.  Doctoral  Dissertation,  Ecofe  des  Mines,  de 
Paris,  Fontainbleu,  Prance. 

Devary,  J.  L.,  and  P.  G.  Doctor.  1982.  "Pore  Velocity  Estimation 
Uncertainties."  Water  Resources  Research.  Vol.  18,  No.  4,  pp.  1157-1164. 

Devary,  J.  t.  1983.  Permian  Potent lometr 1c  Analysis.  PNL-4738,  Pacific 
Northwest  Laboratory,  Richland,  WA. 

Gambolati,  G.,  and  G.  Volpl.  1979.  "Groundwater  Contour  Mapping  In  Venice 
by  Stochastic  Interpolators.  1.  Theory."  Water  Resources  Research,  Vol. 
15,  No.  2,  pp.  281-290. 

Journel,  A.  6.,  and  C.  J.  Huljbregts.  1979.  Mining  Geostatistics. 
Academic  Press,  New  York,  NY,  600  pp. 


Matheron,  G.  1973.  "The  Intrinsic  Random  Functions  and  Their  Applica¬ 
tions."  Adv.  In  Applied  Probability.  Vol.  5,  pp.  439-705-711. 

Nelson,  R.  W.  1960.  "In-Place  Measurement  of  Permeability  In  Heteoro- 
geneous  Media.  1.  Theory  of  a  Proposed  Method."  Journal  of  Geophysical 
Research,  Vol.  6,  No.  55,  pp.  1753-1758.  - 

Nelson,  R.  W.  1961.  "In-Place  Measurement  of  Permeability  In  Heterogeneous 
Media.  2.  Experimental  and  Computational  Considerations."  Journal  of 
Geophysical  Research. 

Neuman,  S.  P.  1973.  "Calibration  of  Distributed  Parameter  6roundwater  Flow 
Models  Viewed  as  a  Multiple-Objective  Decision  Process  Under  Uncertainty." 
Water  Resources  Research.  Vol.  9,  No.  4,  pp.  1006-1021. 

Neuman,  S.  P.  1980.  "A  Statistical  Approach  to  the  Inverse  Problem  of 
Aquifer  Hydrology:  III.  Improved  Solution  Method  and  Added  Perspective.” 
Mater  Resources  Research. 

Neuman,  P.,  and  S.  Yakowltz.  1979.  "A  Statistical  Approach  to  the  Inverse 
Problem  of  Aquifer  Hydrology:  I.  Theory."  Water  Resources  Research. 

Orr,  E.  0.,  and  A.  R.  Dutton.  1983.  "An  Application  of  Geostatistics  to 
Determine  Regional  Ground-Water  Flow  In  the  San  Andres  Formation,  Texas  and 
New  Mexico."  Ground  Water.  Vol.  21,  No.  5,  pp.  619-624. 

Rice,  W.  A.  1963.  Error  Uncertainty  Analysis  of  a  Oirect  Inverse  Technique 
with  Appl  1c  at  ion  to  the  Hanford  site.  Submitted  as  kn."Thes1s.‘  University 


Wilson,  J.  t.,  and  M.  Oettlnger.  1978.  Steady  State  Versus  Transient 
Parameter  Estimation  In  Ground-Water  Systems*  Paper  presented  at  Specialty 
Conference  on  Verification  of  Mathematical  and  Physical  Models  In  Hydraulic 
Engineering,  American  Society  of  Civil  Engineers,  University  of  Maryland, 
College  Park,  HD. 

Wilson,  J.  L.,  P.  Kltanldls  and  M.  Oettlnger.  1979.  State  and  Parameter 
Estimation  In  6round-Water  Models.  Paper  presented  51  the  Chapman 
Conference  on  Applications  of  Kalman  Filter  to  Hydrology,  Hydraulics  and 
Water  Resources,  AGU,  Pittsburgh,  PA. 


m 


CARL  H.  A OEM A 
OAVIO  TAYLOR 


UVIO  TAYLOR  NAVAL  SHIR  RLO 
MECHANICAL  ENG 
CUOE  asS* 

ANNAPOLIS  MC  2 1 106 


■4,  JOSEPH  ALEXANDER 
RESEARCH  TRIANGLE  INSTITUTE 
SR  RSCH  hyOROGEOlOGIST 
9  0  bOx  1219* 

RSCH  TRIACLE  PT  ?<C  2 770 9 


PR.  K.  P.  ANANTh 

MIDWEST  RESEARCH  INSTITUTE 

AREA  MRkTo  019. 

1750  K  ST  Nw.  STE  2*0 
WASHINGTON  OC  200C6 


JONALC  A.  B ARBOUR 

nuclear  metals 

2229  MAIN  ST 
CONCORO  HA 


0\7*2 


SUSAN  G.  bARISAS 

AKGUNNE  NATIONAL  lab 

ENV  ENGINtER  M/S  3C 

970b  S.  CASS  AVE  BLOG  3*2 

ARGONNE  IL  60*30 


LAPT  RICHARO  BREWER 
U'AP 

CMQ  BtCENVlRONMENTAL  ENG 
HO  Af  SYS  L“C/SGPB 
ANOREWS  APB  OC  20  33* 


JR T  AN  "UOuHtR 
JaR  ASSbC 
°AOC  wESTPARK  DR. 
MCLEAN  va 


2c  102 


MARY-PERT  CARM£R 
V.J.  CICCONE  £  ASSOC. 

1*0*5  JEFPIRSOU  OAVtS  MWY 
wOuObP IGHT  va  22 1’ J 


JAMtS  a.  CARRA22A 

USA  ANMAMEM  RES  L  UEV  CNTR 

ChEM  t*'G 

“LOv,  *21.  PICaTINNV  ARtjNAl 
DbVcR  Nj  07801 


RICH  CHAPIN,  P.F. 
PRICETUN  AUUA  SCIENCI 
RR.JJ  *»GP,  WASTE  MGMT 
789  JERSEY  AvE 
NEW  BRUNSWICK  NJ 


DIV 

0*902 


OR  VINCENT  J  CICCONE 
V.J.  CICCONE  t  ASSOC  INC 
PKrSlLFNT 

SUITE  *,l90A*  JEFF  OAVlj  HWY 
WoOCBkIOGE  VA  22191 


RAY  CLARK 
OEM 

CMF  ENV  OFFICE 
F^MC^lIlLAN  AL 


36275 


“amlla  o.  Clements 

NAVAL  O^ONANCc  STaTIT-, 

EflV.  PRuTECTION  specialist 
COOc  o~ i 

WPIAb  HE  AT  MJ  20*>aC 


CFV2  ClOcT E 

SCMChEM  PTV  lIMITFD 

P  0  ufix  187 

myiMiv-  r£pubuSo8Sg 


WILLIAM  h.  cOLLINj 

t’SA  AmCCOM 

EUVJP  TECH  oIV,  Crt 

them,  p lo  c.nTk.  or 

APG  MJ 


|M^CAL_fcNG. 


clt  i  a 
21010 


LARVV  v.  COPELAND 
ROY  F.  WcSTON  INC 
PRO J  PIR 

*329  MEMORIAL  OR,  SUITE  C 
DECATUR  o A  30032 


P OPc RT  B.  CRAIG,  PHD 


r  Ul'L  ^  I  u ■  wnni  vv  rni# 

'’AY  R100E  NATL  lab 
interagency  » sch  cooroinator 

P  P  BL.X  X, 


'AK  RIOoE  Tt 


37831 


RICHARD  C,  CUNNINGHAM 
OeNflfePKV  C  OAVIS 
J*01  AkLINGTON  BL  VO 
FAIRFAX  VA 


22031 


VAL  ?,  GAICA 
mi^lano-ru$s  COMPANY 
‘tT0  01 V,  Mf.R-PGM  MRtG 
PU  t<OX  985  -  900  N  WESTWOOD 
TcLeDO  OH  *3*98 


0?k!c|eiicplf a8vL^  OPPFNSE 
"  “PL  ICY 
r’i  kH  *C9 16 
ST  ON  nc  20  33b 


SlXifei 


•*APGC  R..UlWI?*N 

M^«tTlcHC  I7i?0  IS 
will  CHESTER  PA 


CARL  A^OIVINYI 

mHUhrL 


31*05 


1*M0 


WASHING) 


RET AAV 
ENT AGON 


20  3C1 


S-MiTia.. 

P  0  BOA  A«  BLOG  2Cwl 
CAR  RIDGE  TN 


r»eoi 


MR  G  R  ESkELUnD 

US  ARMY,  USANcRaOCON 

5NVIR0  £  M? rPuteUrt  TECH  DIV 

ATT.«  ORONE-GS 

FT.  RELVOIR  YA  22060 


mu 


ESTRADA 


pftoj  engineer 

cadger  ARNY  ahnunit ION  plant 
UARABOG  Wl  *3913 


Cai*  PAUL  F.  rALLON 

CHOFBIOcNVIRON,*cNTAL  cNG 
mu  aF  SYS  CMO/SGPb 
ANOREwS  APB  DC 


2J336 


T|^HNpO^V  »ULTAN. 

m?llersville  *0 


21  lr  d 


RUPERT  T  FtOWE 
US  A«nY  COOPS  OF  ENGINEERS 
MCUSAC5  UAE'.-FOM 
20  MASSACHUSETTS  AVS  NW 
WASHINGTON  OC  2-316 


IRVING  FDPSTEN 
CONSULTING  ENGINEER 
IS  LAUREL  COJRT 


VEnONA  NJ 


0T*>6«* 


ScORGE  F"#  GIBBONS 

IC.S21  RGSENrtAVEN  ST 
fAlKFA*  VA 


22C30 


G.  C.  ORINER 

oaroner «  Carton  t  oougla* 

flHSJrtmM.  N.  .. 


AIM  »  U  f  V  J  l  '  «. 

4 ASHING TJM  OC 


20746 


"I'lIX*#*” 


€NV  l  .ugtlc  JOKKS  C**TJ 

^IRKSEN  OFFICE  blog  AlC 

WASHINGTON  OC  2 


2V.SI? 


P  0  liQX  8E60B 
SAN  01 ECU  C A 


9?  I 3J 


J.c.  HANSEN  . 
PaTTELU  NCKTMWejT 
H&R.  PROGRAM  OEVEL* 
V  O  BOR  999 
R ICHLANO  WA 


9»3S2 


WIUIAM  HASSSELKUS 

«Sl  E’SFNMOWER  AVENUE 
ALEXANDRIA  VA  22133 


H  0AM  rURMANt  JR« 


!*«*•« 


'PACO  NY 


16226 


JJEL  Hj|RS^«MOAN 


239C1 


4.  BRUCE  MOLT 

'Ssjp* 


600 

12201 


td&n*  ***' 3,v 

n  *  ITIW. 


*M  pi  DAL  Ob  SON 


h*»  m 


lvf- iA 

?>V  •'  v  f/'l 


l|t  ^  4^' ■> 


•j*!  'W*v: 


ma/^aK  TcCH.  cmtr. 
EDITOR.  hkTC  OPOAT* 

P  C  PCX  8168 
R  jCRVI LL?  *«D 


21)856 


SHELDON  O*  MScR 

yfuT^HlLL^AAM  STATION 
WARRENTCN  VA  22186 


RJbfcRT  KNOX 
UNlV.  ?R  <>K 
PKr,RcSS-R 
•:j R*AN  uK 


TJC19 


KPN  KOK 

ASsncVkfe  section  manager 

506  KING  AVENUE  . 

COLUMAUS  OH  65*01 


WALTER  P  lAMPERT 
ROY  E  WcSTON  1*6. 
*ANAGc*  rto 

wcston  -ay 

NEST  CHESTER  PA 


193fc0 


>RbpR^E^T  PGP 
1  SEARS  DRIVE 
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